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TliK Aiitlior of this book has iiivitrd mo to wiilo n :dioi( [iiofnoo, 
doubtless, partly because 1 hav(! talieii the most active interest 
ill the introduction of Itraiiual Traiiiiiii; into L’ldihV I'di nientary 
Schools as a, necessary part of th(‘ school cm ni iduiii, and 
partly because I was the lirst to suj;jyesl the intioilnction of a 
modilicalion of the Naas Slojd into the \\ oodwoi k-classcs con¬ 
ducted under the joint aiisjiices of the t'lty and (liiilds of 
r.ondon Institute and the School Hoard for London, in which 
classes the Author was a distinciiislicd teacher, 

1 tfl'tdly accept the invitation for two reasons. (1) 1 am 
anxious to acknowledge to the full onr great indebtedness 
to till! Swedish Slojd. In his introduction Ihe Aiithoi' 
■points to certain defects in tin's system when measiiieil hy ^iiir 
speejal wants and changed conditions*; hut, neierlheless, the 
fact remains, that, without the Slojd, we should prohahly have 
taken Boiiie years to work out su*;li a scheme as that so graphi¬ 
cally portrayed in the following pages, f‘2) 1 want to emphasise 
the principle that the Manual Training of our ibihlic I'lleuienlary 
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Schools, whalcNcr material may lie used, must be a real educa¬ 
tional process. 'I’lic popular notions of Manual Training are 
very vague and varied : authorities even difler as to its signifi¬ 
cance. It i.s neces.sai-\, therefore, to lay down distinctly the scope 
and aims of this ‘New Education.' 

Manual Instruction, especially when wood is the material 
used, may he nothing more than the development of mechanical 
skill in the use. of tools; and, as such, it is understood by many 
of its advocates. Blit this is not what ‘Educators’ conceive 
^^anuM Training to be. The Manual Training of the school must 
be a training which places intellectual and moral results before 
mechanical skill. If I may venture on a definition, I should say 
that Manual Training is a special training of the senses of 
sight, touch, and muscular perception by means of various 
occupations ; and it is a training of these faculties not so much 
for their own sake, thougli that is important, as it is for the 
training of the mind. While the eye. is being trained to accuracy 
and the hand to devti rity and mani])ulative skill, the mind is 
beitig traiiual to observation, atteaition, ct)mparison, r(llection, 
and judgment. In othei- words. Manual Training is a develo])ment 
of the manual and visual activities of the child, having lor its 
piypost' to guickeii and de velop tlu! mental powers of observation, 
attention, and accuracy; to cultivate the moral faculties of order 
and neatni'ss, perseveiance and self-reliance; to awaken and 
train the artistic, faculties, tnd direct the child’s instincts 
towards the beautiful and true; to satisfy and cultivate the 
child’s instinct for activity^ iind excite pl(*asure in the acqui- 
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Bition of skill; to provide opportunity for the devolopiiu nt and 
practice of the iuveiitive and constructive faculties ; and to afford 
scope for the imagination. 

Thus the main aim of Manual Training is Tlducational, to 
perfect our system of education, and so to raise tlio standard of 
practical intelligence throughout the community. At the sanu; 
time some other advantages follow, which, if secoiidary, are 
important. For instance, the special training of hand and eye 
cannot fail to develop and stimulate those faculties up(m whosi' 
activity success in life depends. The cultivated taste, thetraiiu'd 
eye, and the skilled hand cannot fail to bring forth fruit in the 
home and in the workshop, and, in fact, in whatever position in 
life the child may ho placed. Then, again. Manual TT-aining con¬ 
fers a marked benelit on the school, it attracts and delights the 
children, because here they lind food for the imperious m id of 
activity inherent in child miture. Manual Training lightens and 
brightens the work of the school, a,nil introduces an elenicnt ol 
attractiveness which must relievo school-life of some of Ihe 
weariness gnd languor iueidental to purely mental effort. 

One word more; the essence of Manual Tiaiiiiiiig lies in Ihe 
practice, and not in the prmlaciinn ; in the, ihniKj, not in the thiiuj 
done; and any exereisc is \aluahle only in propoidion „’o 
thoiji#nand ft makes upon the minil for intelligent, thoughtful 
work. 


■C.KOKGF lilCKS, IhSo 
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In presL'iiling this work to tlu; public 1 wish to express my 
thanks to Sir I’iiilip M.uinus aiul to Mr. Gkokc.e Rxchs, B.Hc., 
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J.ONDON : AprU ISl)'!,* 
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CirATTl'Il I 


lSTli01>V;( I'lON 


It will 1)0 roadily admiltod Ijv evci-yoiio fliat iiliiinst llio stronf;ost 
iiiipulso of tilt! untutored iiil'aul mind is to eroale Ilio simibliuu’o 
of somotliini' of \vhi)di it already lias some knowledge. 

The ininito eonstruutixe idea takes many familiar forms, 
wliiidi are re.earded in an amused and lialf-mterested manner by 
the child’s ciders, but in only very rare cases does tlu' crealKe 
faculty ri'cidve any leal enoouraeoment, and thin usually it is 
only because of the exhibition of exceptional artislic inslincts. 

It is evident that this inclination is thus, by its recognition, 
Rometiine.s made one of the most pouertiil leiirsot education, 
and, as a means of widiminy the child’s underslandine of bis 
surroundings, probably nothine better could be done than f« 
rationally' eiicfuirage the latent power ot^dnfwing. 

'J^ie edueationa,! beiring of drawing has long been recog¬ 
nised, and provision for its inclusion is made in the ordinary 
curriculum of every school. It is only in the last decade, 
however, that any attention has been paid in this country to the 
dcvelonment of the constructive a|itituTlc of childicn, which is so 
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very a.pinii'cnt, and on wliicli ko many vital social questions 
alTcctine tin: well'are of tlie whole coinmuiiity depend. Ail 
authorities apree that ediuiation is iiot, or should not bn, the 
iiu'rc accinimlation of a knowledeo of facts, hut, [irimarily, 
a d(‘\elopment of the natural mental powers, in eonnection 
with which the toachineof facts is only a very vahiahlc eoncouii- 
la.nl. 

'L’his view, although jtevhaps as ohl as education itself, has 
not, unroi'tnnately, been ecnerally acceptc<l a.s the standpoint 
IVou) which tlu: school course has heiai frauieil, and, as one, of 
the results, the most powerful and maa’ssary iiudination of ehii- 
driai, to <’oiistruct, has been left to diwelop as well as may he, 
without help or interli'ren<‘e from the sidioolmaster. 

Moreo'er. besides nef^leetine the eonstriietive a,hility of chil¬ 
dren, the ordinary school (ainrse, in its attention to the d(!Vel()p- 
ment of the ])uri‘ly nmnlal faculties, must ha\e ahsolutely harm¬ 
ful effects on the social life of the]ieople. 

The hehter (icciipations, ealline for purely mental power.s, are 
naturally overcrowdeil by the laryer number of youths who are 
tith'd for them than formeily, and the industrial occupalions 
are lilh'd on all sides with inconqietent workmen, who mipht 
have early disco\ered their nnUtuess for occupations involving 
manual skill if opportunity laid been pi'eseiited to them. The 
'.reakine down of the a|iprentieesl)ip system, the advent of 
universal education, and the hiyh [iressnro in every occU|iation, 
resultin;; from com|ietition, have caused this lu'olilem to assume 
an acute form in recent years. 

Tlie. scheeol ceiurse! eef mental edilcatieen is, liy this ri'sult, 
hroueht into seeniewliat unmeriteiel elisfavour amone; the jirtisan 
classes, whei fre quently comphiin Unit many thinys are taupht 
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tliein at school which appear useless,in after life, while other 
very useful siilijects are oniitted, and this wind of ciudiinnty 
hetwecu the school and after life detracts to a very eon^iderahle 
extent in many men's estimation from the value id' the ordinary 
seliool instruction. To meet the dilllciiltv, tis-hnicai and techno¬ 
logical schools havi> lieen estahlished in most lai'^e towns, and 
admirahle institutions now exist, and aie doine an immense 
amount of eood work. 

As the ilistinet olijeet of teehnii-al edncalion is to miil>e ^'ood 
worlnw'n who understand the seientilic prinid|)li‘S as well as the 
practical work invohed in their trade, its course is therefore 
<'l('ar ; hut it is still felt, and ('specially hy lechnieal teachers, lliiil, 
as a hahiiiec to thi' mental work done in (he school, somellhiie 
is waided for ipiite yoiiiie cliildn'ii, (o slimulatc and fosler 
their natural creathe iiowers, and make, the wished-for hrid”e 
hetwei'ii the school and worldne life of the peojile. This necessity 
has ealli'd ‘ inanuai trainiiie ’ into existence. 

Teehuical ediiealion, ill the line sense, is tiade leacliiny', hut 
the ei'oat |)oint of difference helween leiditiical ediiealion and 
manual Ir.iininj' is, that in the hater no trade is (aiieht, and 
this must 1)0 thoi'Oiielily iiiidi'istood and home in niliid in 
training a course of iiislriielion. Mc're manii.il dexterity and 
the widi'i'iiie of the ehiid’s inti'llieenee hy every [los.^ihlo col¬ 
lateral means are all that are aimed at. 

Tlie de^rfto of skill wliieli enahli'^ a* workman to nn 
Rcioiisly perform an operation in his trade is never reached in 
manual training. J'ladi exercise is.W'ell considered and intelli¬ 
gently drawn before its eiiceiition, and the close attenti'ui on a 
novel stilijocfc is of ((roiit service in the develop iieiil of the h.ry’s 
mental faculties. 
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Fill- tlio llrst time, pr.obalily, a )>oy is confrontcfl with tlie 
impojiance of anfiirafy of mcasurpmont, and has to put into 
prartionl iiso tho tallies of iiieasiiroiiient ho has learnt at school. 
He finds tliat his drawiiif; is to be no objectless copy, but a 
correct reiircscntation of an actual model, and from this drawing 
the e\ei-cise or model is to lie executed. His knowledge of 
elementary geometry and mechanics is tested and made of real 
use, and life, and vi\idness are imparled to tlii'se subji'cts which 
they entirely lack when taught in the abstract. Teaching of 
this kind, as might he e\|)eeted, has a relloclive effect for good 
on the hoy’s ordinary school work. The freehand and model 
drawing, geometry, and other siihjeels which may be iiicliideil in 
the orilinary school work are much more intelligently hairnt by 
hoys who are being taught niaiuial training, and it is usually 
found that the lime deducted from the ordinary school hours of 
hoys who are iindei going eoiirses of manual Ira.iiiing in no wa.y 
caiisOS a deireasi'd etlieiency in the ordinary siihjei'ts. Boys are 
also found to bo more careful and observant, more self-reliant, 
and certainly ari' more likely to grow up with a real respect for 
the dignil v of lalioiir. 

The extent to which kindred siilijeids can he fauglit, and tho 
avidity with which hoys learn anylhiiig, even remotely conneeled 
with tho praelieal portion of the teaching, can only be luider- 
s^tood by those evho have witnessed the ciithiisiasm of children 
for mamial training'lessons. ^ ^ 

Tho mothod to ho adopted in manual instruction, and Iho 
most siiitahlc materials to he u,si‘d,nro subjeels over which iiiiieh 
discussion has taken place, hut though some iiiaiiiial training in 
metal work has heeii attempted with good results, ,aml clay 
uiodelliiig is sometimes aitopted as an early form of art train- 
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ing, the most suitable lUiitcrial in \vhi(;h to woik has heeu ro\iiul 
by experience to bo, nmloubtedly, wood. 

Wood is reailily eapablo of being brought to a given form, is 
strong, light, and clean, and a material fa.miiiar to eveiybody, 
qualities which are not eomliiiu'd in any other malei ial ; and, in 
addition, larger classes can be taken in woodwork than with 
most other substances. 

Wirework is an exceedingly jiretty form of manual training, 
and is admirably suited for girls, but it is too fiagde, and 
though it can bo taught in connection with art drawing, it is not 
sulliciently associated with good mechanical drawing, to make it 
a suitable material for boys to work in. 

in woodworking, the imtliods adoided vary in ddl'eieiil 
countries to a considerable extent. In devising a scheme of 
manual training, it is obviously necessniy to examine earefiilly 
the methods id’ instnieiiou already existing abroad, with a view 
to making a system wliich shall iiielude Ibeir best points, 
modilied, it necessury, to suit the pa.iticular conditions and 
reqiiireiiieiits of I’mglisli life, and wliicli shall exclude wliatcwer 
may be' found defective in Ihose systems. 

The best known and oldi'st syntem in vogue is llie Swedish 
Rlojd. It is now some twenty years since the classes at Naas 
were commenced, and the system as now' perfected is midoiilifcdly 
excellent. The Slojd is slrietly cducatioiial in its objects ; in ifo 
resp^'qt can it*be saiil to in tlie Ic'iisl ie;jeml*)le tecliiiical iiistiuc- 
tioii. The exercises are most carid'iilly graded, and ari', no 
doubt, admirably lilted to llie requi*'meiits of Sweden ; liiit the 
course so strictly graded and so rigidly cnfoiced in that 
country is not quite suited to J'higlisli rcquirciiiciils and I'.ngli.di 
ideas, llcrr Salamon certainly says llia,t, ni adopting tbe 
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systtui in a fori'i^^ii couiit'-v, tlic course may be alteiad in dtitail, 
so loll" as the e\ci'cise substituted for any uiio of those in the 
coiii'se eiiibodii s tlie cliaracteristies of tliat exercise. No siicli 
iiiodilied course has, however, been "iven to the Eii"lish luiiilic. 

In some res]iect tlio Slojd system is distinctly defectiie 
lioMever, notably in the association and the quality of the 
drawiiif; involved. Tlie work is done more from the model than 
iVoiii the drawiii" of the model, and too many of the models give 
the most indilTerent opportunities for drawing lessons. The 
coiislriiction of some of the joints in the course is not scieiiti- 
lically correct—i.c., the iiiechaiiical [irinciples involved are not 
correctly thought out and expressed in the construction of the 
joint. It is said they are strong enough for the Slojd shop, and 
this may ho the case, but the construction of a simple joint gives 
the teacher a good opportunity to explain the mechanical priii- 
ci|ilcs from which the joint derives its strength, so that it is of 
great importance that the joint should be correctly made. 

A large proportion of the hoys who will he taught woodwork 
ill I’iHgland are laiight somi thing of elementary iiiei hanics in 
object les.sons and by other means, and it would be a serious 
error to undo or falsify this instruction by bad pra,etical tuition. 
Jinked, it the teaching doi s not piocr ed on rational liiie.s it is 
dilliciilt to see what good result, heyond a ceitain amount of 
hiere dexti'rity, will result. Some joints taken in the Slojd 
course arc too dilliciilt, for hoys, as they involvfi an ai^xaiiced 
knowledge of solid geomelry, and its application to material. 
The consequence is, that k'le boys learn these lessons iiuintelli- 
gently, and, instead of mental work and heiich practice, we get 
rule of thmnb jiiit into practical e.xcciition. However well the 
work may bo e.xjcqted under this system of instruction, it is clear 
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tliiit tlie lossoiiH must lose much of llnir force wlieii liuif^lil on 
this mechiUiical plan. Auotlier serious dilliculty in tiie adoplion 
of the Slojd models is the leiij^th of time reijuiri'd to complete the 
course. Olio proniiiieut model alone—Iho spoon -lakes a man 
from sfivcii to nine hours to execute. Now at an estimate, of 
two and a halt hours pin- week (and it will {'I'lteraliy he found 
inipracticahle, to devote longer in most schools to manual 
training), the time occupied is forniiilahle, especially when it is 
reinenibered that a hoy would take some fourteen to lughteeii 
liours over this one exercisi'. In alt this tiim; spent on the 
model one drawing lesson only would he practically demonstrated 
hy actual woik. 

Another more teidinical ohjecliou is the great use made of 
glass-paper. \Vhen this is relied on too much, the [mpil is ajit 
to 1)0 careless in his initial work, hoping to co\er its defects hy 
the effacing inlluence of glass-paper. This is distinctly ohjection- 
ahle, apart from tlu' fact that almost the only training ohlained 
from glass-paper is niei-ely physical. 

Ill the, constrnction of many of the models, the pupil is 
allowed to saw a little from the line, and pare with a idiisel 
hack to the line. When this can he avouh d it is advisable lo 
do so. The self-reliance of the imiiil is not encouraged by 
the practice, and he will probably be undecided in Ins work 
when he, has the knowledge that lie has another tool to fafl 
hacl^iyi. * , 

Colour, which plays so ]iroininent a part in design, is entirely 
overlooked in the Slojd system. • 

One of tile most impoilant tools used in the Slojd course, and 
certainly the most uniipic, is the Slojd knife. The advantages 
of this knife are not clearly brought out, though the imiiorlaiice 
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of it is hO strongly insisted on ; and, moreover, it has been found 
in this (country that all work that can he done with the knife 
can he more cilieiently perfornied with a chisel. 

Under these circumstances, there Bcenis to he no adequate 
reason for adoiiting an ‘ unfamiliar ’ knife in preference to a 
tool which is in such common use by all classes of workmen. 

On the other hand, the (diisel may ho depended upon as a 
means of execution for (piite twice as much work in the same 
time as the Slojd knife, giving the pupil a proportionately larger 
amount of drawing practice. 

It must not he understood hy this that the mere accomplish¬ 
ment of work is what is aimed at. The hoy, not the model, is 
the ohject, hut more exercises, quite as cflicieutly performed, 
must he allowed to he an advantage. 

J'lnough lias hi'eii said, it is hoped, to I'stablish the superiority 
of the chisel over the Hloid knife (always assuming that the 
teacher intelligiaitly understands his snhjiad). 

The knife, so essential in the early stages of Slojd, is almost 
entirely discarded in the later exeici-es, its place being taki'ii by 
the ordinary woodwork tools, hut its elfect is felt throughout 
the whole course of iiistriiclion. 

Ill the more advanced Slojd models the use of too many 
tools is involved, and tlie,e exercises are too much like pure 
Sarpentry to he really advisable in a manual training room. 

A final ohjectioiTwhich arises in considering tlM Slojd system 
is the length of time reqiiiri'd to complete the courso. *iMost 
teaidiers who have been ti;aiiied in Sweden have required two 
terms of six weeks each—about 2,50 hours in all—to complete 
the models. Now, in calculating the time wliudi each child can 
devote to the subject, it ’must he remembered that the ago of 
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the children admitted to the classes .will never ]icriuit of their 
having more than throe years’ instruction, and very few as long 
a time as this, and that only two and a half hours per week arc 
usually availahle fur the suhject, during forty-four weeks of eacli 
year. The total amount of time taken for the sulijiad during 
the three years will thus he 380 hours, and, allowing for the 
usual difference hetween the sjieed of a haicher and tliat of a 
child when learning a now suhject, only ahout one-half of the 
course w'oald then he acconii)lished. 

The foregoing riunavks arc not intended as a sweeping 
indictment of the Slojd system, for it must e\er ho allowed that 
the great central idea of the developjnent of natinal fai-ulties, 
without directly teaidiing a trade, is steadily ke|)t in view by the 
authors of the Swedish system as the main oliject to he 
attained. 

Tlie defects of and ohjiMdion to the system here pointed out 
are urged against the mclhuds adopted to attain this end, as 
they appear to hlnghsli eyes. 

Instruction in a carpenter’s shop, or in a idass where the 
sjiirit of the teaching is similar, is freipiontly adopted as a form 
of manual training. T his kind of mainial training generally 
means a course includi ng a series of carneiilcr’s ioints, and 
models hasod on them, of articles distinctly connected with the 
c arpenter s trade. ' 

J''yur-pan?lled doors and roof trusf,es fiavc heen attempted, 
and, as might he expected, models of this nature are generally 
\ery hiully finished, h'cw pujiils can ever make these difficult 
objects satisfactorily, witli the consc(|Ucncc tliat disa])pointing 
results are usually obtained, Kven where properly made, the 
models, not being reduced to any scale, arc .entirely out of lu'o- 
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jKirlioii wlirn linishcil. This is likely, especially on the mind of 

11 hoy, to i]i()(hice a very bad impression of fonn, and would ho 
distinctly oppos( d to the theon.tical teaching ho receives. 

It is ceitain, too, that, however adults may understand tlu! 
]irinciples of instruction f^iven on such advanced lines, few, if 
any, hoys could fully H'*- scientilic priuciph's of distinct 

ear[)entry woik. The peifoimance of a succession of ddliiailt 
joints, uhiidi are not capable of lii'ine used in the construelion of 
some model, or, if used, are einhodied in a much too diilicult one, 
has a weaiyine and dispiriting effect on a hoy. Jfe ceases to 
malic that elfoi t which he would if he knew that his peiseyerance 
would he rew'aided by tlii‘ jiossession ol some object ot uselul or 
ornauieiital nature, entirely of his own production. 

it is vi'ry unusual for any attemjit to ho made to inculcate 
ideas of colour, by comhinalions of various woods, or of form, by 
niakiiio oiiyinal {graceful artich'S. The aitistie elfcct of the 
models is oeneially the I’esult of accident if it apjiears at all, 
and this very nii)iortant and attractive element of cood manual 
training is practically lost siylit of. 

This form of instruction is, of course, ipiitc in place in the 
strii'tly' technical school, bid, however ^rxid training of this kind 
would be Ihere, it is not suited to the eleiiu iitaiy school, and 
would be out of joint with the remainder of a lad’s school work. 
«li) |d is disfinctiye in its character, and in its details shares little 
ol the features of any oilier system. ' , , 

Most foreicn systems otiur than the Slojd arc really a kind 
of carpentry, though some of the coiir.ses of instruction, notably 
at the Mcole Wiinicijialc ]>iderot, I’aris, and at the Manual 
Training School, t'hiiago, will bo found almost unexceptionable, 
when their narticular reuuireinents are considered. 
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Iilost of tlio l«ns at these iiistitutians i-eeei\e ii lai-f;e ameunl 
of iiis„nielioii, and lliey are alili! to ncuomplisli a full and e<iiii- 
lireiieiisive eoinse, wlueli, \vi(li the Ihiiiled time a\ailahle (m 
inslriietioii in nianuai liaiiuiie in llie |)ulihe elementaly sehoois 
of tins eouiiti'Y, eonhl not possihly he atlemi'led hiie. 

To eom[iare Shjd xMlli wluit may he railed, in j'laieial terms, 
I'll r|ienlry, in a senteiiee ; Slojd lias rood e|[on [ind |.;n,y 
e\eU'ises I \ecuted hy undesirahle methods, and eai |ieiil i \ has ill- 
eradi d models whieli ale often too diHieiill, llioii;;h they are 
jierfolmed on a eond iilaii, hut, ownm to their dillleuity, 
jnellieienlly. 

\Vood-earvii|e is in some ies|ieels a rood foiiii of manual 
tiainine, hut the work does not allow of a sullieieiit xaiiely ol 
tools heine used. 

Ali sizes of the chisel and hoo.y'e are veiiuiieil, hut veiy few 
other tools ; which, moreoxer, cannot le Kept in siu li ”ood older 
as is necessaiy, hy youiie children. 

'j'he first altem(ils at carxine are likely to he dispiiiline 
and the ihnieiilly of piopeily euidiny the eyeiiises ni.ikes 
this suhject one lit only for exeeptional hoys, ,iud foi the 
dislinetly teclaiical xxoiksliop. 

TTic eraiujied position of the ]inpil is injurioiis, and Ihe xvoik 
does noleonipaie faxoiirahly in (his lespect xvitli the liee lieallh- 
eixiiie e.yeicise alfoided hy oidinarj xxoodxxork. Some ea.i yei 
toolj iinydit, liowexer, he used in cojini.etion xxilli the usual 
earpenteis’ tools reijiiired in iimiiuiil tiaiiiiny. T'lie jpuat leiiyth 
of time I'eipiired for most eyeieiies in carviiie reiideis the 
eradaliori of a course dillieult, and the fact that only art diaxv- 
itie, and of that link a small amount, is involyed, makes it 
ditliciilt to teach anjlhiiie else than the mere; xxork in hand. 
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Having endeavoured io point out what appear to be failings 
in the various methods of instruction discussed, it becomes 
necessary to lay down the main principles of a course of wood¬ 
work manual training. 

In tluilirst place, no work should be done of w'hioh a drawing, 
cither full size or to scale, has not previously been made. 

I’erhaps it is not necessary here to enlarge on the educational 
value of the ‘ shortest of shorthands,’ as drawing has been so 
appropriately called, for its gi’eat value as a form of liand, eye, 
and mental training is now generally recognised. In its relation 
to woodwork, however, drawing is often very useful, and fre¬ 
quently indispensable, in giving an impression of the internal 
a]ipearance of a finished exercise or model which may not perhaps 
exist in reality. 

Opportunity is afforded the pupil in drawing to become 
thoroughly familiar with the general aspect of his work. But 
the greatest benelil of the drawing is that the child’s appreciation 
of what is required is more stimulated when he has to create, as 
it were, under the guidance of his teacher, first his drawing, and 
then his model from the drawing, instead of merely copying the 
dimensions of a completed model directly on to his wood, and 
from this making a precise copy of the model. A very dull lad 
may perhaps receive a little assistance in this way to illustrate 
Ms drawing lesson, but a clever one, on the other hand, should 
work entirely from a drawing, to scale, of the exft-cise oi; ijiodel 
required, and this will be found most valuable as a mental train¬ 
ing, involving constant thought and close attention. 

Some exercises, indeed, could not possibly be made either 
by man or boy, experienced or inexperienced, without first 
drawing them, on the wood at any rate—c.y., a regular pentagon 
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would defy the powers of tlio most eipciienced wovlviiuui. V 
paper drawing might appear superlluiuis in this ease, when (he 
surface of the wood can ho made to take its place, hut ho\s 
frequently have to be (aught a goomelriral ])rohlem of this 
kind before the drawing on the wood can he thought of, 
and, owing to the decided ohjeetion to making false liiu's on 
tlie wood, it is always desirable, oven wlien a hoy can draw 
well, for him to make a paper drawing lirst. The argument 
in favour of working drawings is really quite overwhelmiug, aiul 
the tyro will at once recognise this. 

With a view to assisting in the tenehiiig of drawing gi\en 
in the ordinary school liours, the exercises in rvoodwork should 
each involve a good useful drawing h'sson. 

The usual size of the exercises ami modids should he as 
large ns, hut no larger than.tlu! hoys can I'asily iierfoi-m. Tlierc' 
are three important considerations which limit the diimmsioiis 
of an exercise: 

1. The strength and average height of the lads under instruc¬ 
tion. 

2. The limits of their powers of working, for it must he 
observed that, where a small piece of work can he done by a hoy 
with entirely satisfactory results, a very large piece will pruhahly 
prove quite beyond his powers. 

3. Large work means large waste and greater expense. 'I'h,’ 
accoUjUpodatioil in manual training romps ifmst be increased or 
the number of the boys diminished if the work to be doiu; is 
very large, either alternative being very undesirable. 

In preparing the course, the exercises must he designed with 
a view to bringing out .very clearly in each one some peculiarity 
in the use of a tool. 
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The exercis(;s arc inttiiulcJ to cover, as far as possible, tlio 
main tool operations. 

Tlicy need not bo performed exactly as given in the course, 
but if any one is dei)artod from, great care should bo taken to 
snl)stitute another at least ecpiaHy useful. 

The models are interspersed between the exercises, and it is 
not by any means necessary to take them all. The teacher must 
us(! a wise discretion in giving a boy a model within his power, 
but by no nuians below it. 

The models should bo the indication of skill attained in 
making the cxoicises, and should in themselves give further 
improvement. Almost invariably the models will be found to 
contain preceding exercises in a slightly more dilbcult form, so 
that, in addition to testing a hoy’s capabilities, fresh instrnctu)n 
is imparted. 

After a very little instruction has boon given, the ditrcrenco 
in the ability of the boys in the (dasa will demand the tisachej-’s 
discernment in the selection of suitable models for tlnmi all. 
I’or this reason alternative models have been introduced in 
several parts of the course. 

One of the great aims of manual instruction—the fostering 
of the pow'er of construction—is attained by the making of models. 
To luMjp boys continually working at exercises, with no oppor¬ 
tunity of putting their knowhxlge to practical application, is dis- 
eonniging to them, and,th(!y are apt to lose that tnthusii^sjp for 
the instruction which they nsualiy possess in so marked a degree. 

In designing models from familiar objects the utility should 
not iiecessarihi he considered, for it is not required to convert the 
manual training room into a workshop or.factory, but to develop 
the creative powers of the boys themselvos, ami any model which 
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will servo this purpose may ho aocopleil. Many of llio models in 
the present course, however, happen t<i conihine utility with in¬ 
struction, and there is no (dijection to the useful heino iiudiidi il, 
so long as it fullils the more important reipiiremeiit of Ix iiig 
educational. 

The chief considerations which should govern the designing 
of a model are tahulahsl as follows : 

1. A good drawing lesson should he afforded. 

2. If of a constructional uatun*, the joiiils must he scien- 
tilicaliy made. 

3. The proportions of the model, and of the |)arts of the 
whole, should he, harmonious : and if it is of an a,rtistie nature, 
the design should l)e graccd'ul hut not o\er (dal)orated. 

•4. The introduction of \arious coloured woods is highly J 
recommended. 

The opportunity for colour design, which is a vital consider¬ 
ation in art, is affoided hy the joi)iling of different coloured 
woods. The use c)f many varieties gives practice in working 
wood of different tevlures and diviase peculiaritnis of many 
kinds, and the fnll v.alue of timlx r as a material for nuinual 
training is thus obtained. 

No instructor can err in varying the material used, as long 
as he does so intelligently and tastefully. 

kfost of the better-known woods are recommemhsl to he usel^' 
in the ^lerfornffince of exercises and modj;'ls,T)nt care should he 
taken to oidy use the expensive hard woods in small ipiantities, 
to obtain effective and harmonious folour design and yet give 
the required practice in working them. 

5. The model slundd he attractive, in order to secure that 
earnestness in work which is so \ahiable. 
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The introduction of tools has been gradual—at first only one 
or two, and these to be well understood before any more are 
added. When a new tool is introduced, care has been taken in 
the arrangement of tho course to enable the pupil to have 
constant use of it in each succeeding exercise or model till he is 
familiar with its characteristics, and then, and not till then, are 
further additions made. 

In the selection of the tools only such as arc typical of hand 
work have been introduced. Few tools, yet enough to give 
variety, are reeoinniciidcd ; and the endeavour should be to learn 
as much as possible of the various uses of each tool, ratluir than 
to attain a slighter acipiaintance with a great number. 

The moulding planes, the jdougli, and other tools which are 
used chiefly by artisans are not included among those necessary 
for the manual training room. The axe, adze, and draw-knife 
have been oniith'd as being in the main unnecessary in this 
country, and of a highly dangerous character for young and 
freipiently careless children. 

Experience has shown that work in the elementary stages 
should involve only simple straight lines and Hat surfaces. 
From these the exercises should gradually procc'cd to the 
addition of geometrical and freehand curves on flat surfaces, 
and the modelling of surfaces of a more or less complex nature, 
k number of shnph; carjienter’s joints, and models showing their 
a]>plic{ition, have bfcoi hitroduced to the course; as ty]jical of 
mechanical construction. 

The teacher of manual,, training must be a man with con- 
siderable technical ability, and a good draughtsman invariably. 
It will be found necessary on many occtjsions in the course of 
demonstration to execute tiio whole, or nearly tho whole, of a 
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model or exercise while lecturiiif' on it, and here a leiu'her's 
manual dexterity is of fii'eat value. 

A teacher, however able with tools, bIkuiIJ keep in constant 
practice. In this connection it is well to ohserve that nolhiiio 
is more fallacious than tin; popular opinion that a \eiy little 
practice is necessary to give skill: a very great amount of haril 
work and continued effort is necessary to attain that rapiil, easy 
style that is jiossessed by a skilled aiti^an. (,'onlinui'd acipi.tinl- 
anee with the snhject will serve, to make this alnniilantly evident 
to the teacher. 

It is not to he understood, however, that ailisans, as being 
Rkillcd workini'H, would he good leaeliers, for in only very rare 
eases would this he true, and then only when the man fully 
realised what the ultimate olijeets of the teaching wcio, and 
possessed the ability to attain them. 

Scliool teachers, though in nearly every case more or less 
defective in jiractieal skill, are so used to the inanageiiient of 
children, and, as a general rule, are themselves bo unliiassed 
before they are trained, that they will he found to produce the 
best average of manual training teachers. Where, however, a 
skilled workman has a thorough kiiowh'dge of the educational 
objects in view, and is, moreover, a skilful dranghlsman, ho is 
quite equal to a trained teacher as an instructor. 
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DRAWING 

Tiifi importance of drawing in a system of manual training has 
already been urged. Tlie drawing used in connection with 
manual training is, of course, sometiines inesdianical and some¬ 
times freehand, though in woodwork (diieliy the former. All 
drawings, however, sliould be made to a scale. 'I'hc mechanical 
drawing generally consists of plans, elevations, sections, and 
isometric projections of the mcxlcls and exercises. 'J'he ih'oni 
of elementary projection must be thoroughly understood by the 
teacher, who should also have a suliicient knowledge of plane 
..geometry. 

Of course, anything like an oxlianstivc treatise on geometry 
Is impossible here, but, as in the ease of some readers it may be 
useful, enough of the theory of projection, and of the particular 
plan of execution recommended, is given for the purpose of 
manual training. 

For the present course only two set-squares, a T-square, 
scale, and a pair of dividers are reciuired. Set-s<|nares aye flat, 
triangular pieces of pear wood or vuh aiiite, and are used for 
drawing lines at given angles to other liiu's. One of the angles 
of a set-s(piare is invariably !H)°, and of a necessity the sum of 
the other two angles is 90°. These angFs vary indefinitely, but 
the most common, and the only set-sqiiare.s used in this course, 
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have their angles respectively 90\ 45’, anJ 15 ’, and 90'’, 00'. and 
30°. The proper use of these two set-scpiares will ho I'ninid to 
facilitate the drawing of the exercises very much. If a series of 
parallel linos either at right angles to a given line or at an angle 
of 30°, 45’, or 00° to it are reijuired, Iho aet-sipiare conlaining 



thi%aiigle may he pushed along the ed^ji! of the oilier one, and 
parallel lines drawn in its course, as at aaaa in (ig. 1. Now if 
from one of the.se limw just drawn it should he required to 
draw more lines at, .say, 30°, it will only he necessary to take the 
square k and slide it along the. edge of b, as shown in the 
figure, making the lines h h h 1/ h. Parallel liiu'S lo any given lino 
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on the paper may always be drawn ^vith the two set-squares by 
this method. 

Many plane geometrical figures can be drawn very rapidly 
by the application of this plan, which is much less liable to error 
than any other, while eipially us scientific. The saving 
of time which can be made by a knowledge and proper use 
of the set-squares is in some drawings astonishing. It must 
not be understood that boys should not be taught the usual 
method of finding angles with the compass and straight¬ 



edge, but when working drawings are required the use of 
the two sct-s(]uares becomes a practical necessity. The T-sipiaro 
need not be of any particular size. It consists of a blade and 
a' stock, usually of pear wood or maliogany. The blade 
should be screwed on 1^) the stock, as shown in “lig. 2, q.oj, as 
is sometimes the case, mortised into it. Tiiis enables the set- 
square to slide along the edge of the blade aeross llic stock when 
necessary. 

The drawing edge of the blade should, of course, be at right 
angles to the stock and bevelled along the top edge, but it is 
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preferable for the other odpe to mahe a slightly grcalrr nngle, 
the blade consequently tapering somewhat to the end. 

The hole at the end of the blade is for hanging up the square 
when not in use, and this should be always attended to, as, 
besides saving risks, the hanging position helps to keep tlu- 
squai'G true. T-squares should at no time be exposed to great 
heat, damp, or much siuishiue, which will all cause, waiqiing 
and other defects. 

The T-squarc is of groat use in drawing a seiies of )ia,rallel 
lines at right angles to the sides of the, board, but eai'e should bo 
taken to always use the sipiaro with the stock on the left-hand 
side of the board, and all line:; should bo drawn along the top 
edge. It is to prevent the possibilily of diawiiig from ibe 
opposite edge that the taper blade is reeommendi'd. It has been 
said that drawings should invariably bo made to se.ile, and it 
will be found that this form of diawing neci ssitateS tboughl in 
working, and will become a very \aliiable form of menial train¬ 
ing if well taught. 

Not for this reason alone should scab s he used to work from. 
Freqiuntly a draughtsman who may have to execute a draw¬ 
ing of, say, a .large piece of inaehinery will, by reducing all the 
dimensions in the same ratio, make, a drawing no larger than a 
page of this book. To avoid a separate calculation in reducing 
each part, the draughtsman decides what propouion his drawing 
mnsj l^enr to flio original, and construct* a scale in which a small 
arbitrarily fixed measurement shall always equal a given larger 
dimension on the original copy. TImjs, if the diawing is to ho, 
3 inches long and the machinery to be drawn is (> feet long, then 
each I inch on his diaiving will always equal 1 foot. 

This is drawing to scale . 
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Tlio method of dividing the hue whkh is recommended is the 
usual workshop plan, and is quite as correct as, and much 
readier than, any other. 

Draw a strait^ht line aii on any convenient part of the paper, 
tisually near the bottom, and from one end mark off 5 inch to 
ecjual 1 foot. 

Fiom K mark off 0 inches, b on AB = tho sum of twelve 
i inches or 12 feet. 

From and k draw lines e n at any anj^les to the base lino .v i). 

Alon^ these lines mark off at any reasonable espial distances 
the numlier of divisions required, 12 on a 0 and 0 on ki>. Join 
K n, and with the set-scpuue, in the manner already descrilx'd, 

draw lines parallel to f e from 
each point on a f and cutline a b ; 
now a k is di\idcd into 12 equal 
parts. 

Join 0 B, and af;ain draw from 
each point on e a parallel lim's 
into a b. 

The line bcinp di\ided, linish and number the scale as shown 
in Fij>. 

It will be noticed that the portion ae divided into 12 parts 
is in a manner additional to the scale, which, without it, repre¬ 
sents 0 feet. 

The value of this ertra scale of inches will soon be .appre¬ 
ciated in working ii'om the scale, tor if it should be nect'ssary to 
mark off', say, 2 ft. tl ins. or >ft. 8 ins., one point of the dividers can 
be at once placed on the unit of measurement reipiired, and the 
distance obtained by stretching the other, point out beyond zero 
to the number of inches required. 
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OrthograpMo projection, or right hue drawing, is the system 
used for obtaining plans, elevations, and sections. 

In all solid figiire.s at least three dimensions exist-length, 
breadth, and thickness; and for the sake of clearness these arc 
shown separately in working drawings. The, plan of any object 
gives the space taken up horizontally by the dimensions which 
are either parallel or iiichned to the surface of the paper, but 
gives no impression of their height or of their dist.uice above 
this horizontal plane. 

If vertical parallel rays of light fall on any ohjecttla! shadow, 
visible or imagine,il, will bo the plan. 

Parallel horizontal rays of light would of course project the 
elevation on a vertical surface, and on the assumption of the 
existenceof these rays of 
light the draw ing of pro- 
jeetions may he based. 

It areetangular slab 
of wood (lig. -1) !) ins. 
by 5 ins. by !i ins. is 
placed in the right angle 
formed by the folding 
up of a sheet of paper 
along the line x Y, both 
the plan and the eleva¬ 
tion^ (^an he drawn by ^ * ' / 

marking with a pencil Fm <• 



along the edges of the , 

figure at tne line of contact with the paper aaaa,a' a' a' a’ on the 
horizontal and verticaj planes respectively. The plan gives tlie 
breadth and length of the wood, hu* iiie tiin l.iiess. 
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The elevation shows the thickness, or height, and length only. 
If the sheet is now smoothed out a complete working drawing is 
given. The plan, it will he seen, is drawn on the horizontal pior- 
tion of the i)aper and the elevation on the vertical, but in actual 
drawings the folding of the paper is assumed, and the intersection 
of the vertical and horizontal portions is represented artificially 
by a lino, x v. 

It must not be imagined that only the part of the paper above 
XY is of nece.ssity the veiticiil piano, and only that below is tho 
horizontal plane. I’lauc.s are unlimited even surfaces ‘ in which 

any two point.s being taken 
a straight line joining 
them lies wholly in that 
plane,’ and the paper only 
represents a limited por¬ 
tion of these planes. The 
surface of the paper is 
made to represent any 
plane, or any number of 
planes, as reipiiied. If 
planes are inclined to eai li 
other they must, being 
unlimited, pass through 
each other, and, where 
they cut, make a line ^of intersection called a ' trace’j. Tho 
horizontal and vertical, or co-ordinate, planes can be better 
understood by making a model with two shoots of paper, as 
shown in fig. 5 . 

Cut a notch in the sidi's of one piece {ind a slit in the other. 
Pass the notched piece through the slit as far as it will go, and 
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unfold it. The two planes with their ‘trace’ will then ho 
given. 

The arcs show the direction of the folding of the vertical 
plane into the horizontal plane, aiid the intorseefion, or trace, is 
the ground line, x y. The four dihedral angles of the co-ordinate 
planes arc numbered 1 to 4 . 

No. 1 is in front of tlii; vertical plane, and over the horizontal 



plane; No. 2 is behind the vertical plane, and over the hori¬ 
zontal idane. 

Ijo* 3 is below the horizontal plane,«nnd l)ehind the vertical 
plane, and No. 4 is in front of the vertical plane, but under the 
horizontal plane. ♦ 

Suppose a point a exists 1 in. above the horizontal plane, and 
1 in. in front of the vertical [ilane, tlien the plan will be 1 in. in 
front of the trace, or x y, and the elexation l.ni. above, b ig. ^ 




26 MANUy\L INSTRUCTION-WOODWORK 

shows the iiu^thod of linding tlio plan and elevation on the fold¬ 
ing pianos, which, when the vertical plane is turned down to the 
horizontal, will give the drawing as in fig. 7 . 

It will then he seen that the folding planes arc not really 
requisite, and fig. 6 is only introduced to make the problem and 

its .solution clear. The distance 
of a given point in front of the 
vertical plane can then always ho 
measured below the vv, fig. 7 , or 
assumed trace of the co-ordinate 
[ilanes, and the height above or 
the distance below the horizontal 
plane, projected by a continuous 
straight line passing through the 
XY at right angles. 

Several other instances arc 
gi\en in figs. G, 7 . 

It must be I'eiiieiiiberod tliat the folding of the vertical plane 
is downward in the portion above the xy, and upward in the 
portion below it. 

As a consequence both plan and edevation are above the xy 
when a given point is behind the vertical plane and above the 
horizontal iilane; and conversely, if the point is below the hori¬ 
zontal plane, and in front of the vertical plane, both plan and 
elevation will be below.the xy. When the poiift is be]p^ the 
horizontal plane and behind the vertical plane, the plan is 
above the xy and the eleviiition below it. 

Fig. 8 is a sketch showing the principle of projection in the 
case of a block of wood, which is some cVstance in front of the 
vertical plane, above the horizontal plane, and parallel to both. 
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There is iiethiiig fresh in this. The plan to be adopled is 
quite the same as with the points—in fact, it merely involves the 
projection of a succession of points, to bo afterwards joined. 

From the foregoing it will he observed that lines are soon 
their real length in the plane to which they are parallel, and 



linos at right angles to these planes of lU'ojectioii are necessarily 

shown as points in them. ' ^ 

Now, to obtain an enil elevation a new vertical plane must ho 
• * . 
set uj)*on X- y'\ at right angles to both *o-ordinate jilanes, and 

parallel to the end of the block, t^raw the new v' at any 

convenient distance and project the eftd of the block in the usual 

way. 

The elevation of Unbend may be turned down into the hori¬ 
zontal plane, oiiposite the end of the plan, or the new plane may 
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be swung round to tlie old vertical plane, and then turned down 
to the horizontal plane like any other elevation. 

Fig.!) shows the drawing of plan elevation and end elevation, 
as it is to be actually drawn, fig. 8 being only given to show the 
imaginary phines and the projectors falling on them. 

It may be desired to obtain the elevation of this block of 
wood from a point of view other than that shown in fig. 
with its vertical faces inclined to the vertical plane, the long 
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faces making, say, 30” to the vertical plane, and the short ones, 
of course, at GO”. 

Fig. 10 shows the pJan and elevation of a block of w o»4 in 
similar position as that in fig. 9, with a now at 30° to the 
long faces. * 

The vertical trace of this plane is omitted as unnecessary. 
This is the horizontal trace of a»now vertical plane on 

which will be seen the new aspect of the slab. 
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This problem involves what is calleil chaiif'e of oromal 
line. 

A series of proj('etors should be diawn at I'i^lit anoli>a to x- 
and the heights of tlu; slab marked off as in <>levation, for the 
height of the block is the same on the new plane as on 
the old vertical plane. 

The instance, just given shows the projection of lines inclined 
to a vertical plane, but parallel to tlie horizontal plane, and 
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shows the shortening of the lines in piojr<tion eaiisiA by their 
inclination to the plane of projection ; but if a line is inclined^ 
to both pianos, it will not be shown its leal leiigtli in either 
plan t/r.elcNation. Fig. 11 shows a lin« a h inclined to both 
horizontal plane and vcitical plane, with its projection in 
those planes. 

Fig. 12 shows the actual drawing of this line in plan and 
elevation. To find its *-cal length set up a new plane on the 
plan d hf and iiulu*:itc iLh liacu l*y a new x y . , 
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Now A B lies wholly in the new vertical plane, and if this 
is folded down, the real length of the lino will be seen on the 
horizontal piano, llight projectors from a and b will therefore 

pass through the ends of the lino 
A B, and their distance from the 
x-'v^ can be obtained by rehu’enco 
to the heights in the elevation. 
The lengtli of the line can be 
obtained in the same way from 
th(! eh'vation by drawing a new 
X'* y ' on ((' //. This is the vertical 
trace of a new plane at right 
angles to Ihe vertical plane, and 
containing a. n. 

Draw right projectors showing 
the distance a b are in front of 
the verti<-at plane, wliich are, of 
course, shown in the plan. This will be e(piivalent to folding 
the new plane into the vertical plane, and would give the real 
length of the lino. 

A model may be made of cardboard or paper situilar to fig. 11, 
and will serve to bring this problem very clearly before the readcu'. 

,S>(7i()»s.—To obtain the section of any figure is really a 
*form of change of ground line. A plane is imagined through 
the object at any (fesirpd position, and in cuttinjf throug^i niakcs 
the section. 

Fig. Ill shows the elevation of a slab of wood having a 
raised panel. Draw the traces of a plane cutting through this 
object, as in the illustration. This plaji may be either turned 
down into the horizontal plane or wheeled into the vertical plane. 
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Project the plan from tlio elevation. At any coiueniciit 
distance from the elevation on the vertical plane, draw a vertical 
line to give the bach of the slab. 

The shaded ligiire shows tlie dovelopnient of the .section on 



All, the thiclmcsses at the various points being talien with th'^ 
divii^e)^ from tlio plan. , 

It will ho noticed that this iilano of section was not turned 
down into the vertical plane in its iwiginal place, as wo should 
then have had the elevation and section confused in one drawing, 
while the projection of the jdanc of section into a clear part of 
the paper saves possible dinieultie.s from tliis ^-ausc. 
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The horizontal section of this slab on c d, as shown in 
fig. 14, is even simpler than the vertical section. 

The new plane, of course, would give the new plan on top of 

the old one, and again, to 
prevent confusion, it is drawn 
a little lower down. 

Isometric projection. — 
D This form of projection is 

invaluable for rectilinear 
drawiTig, and, because of its 
pictorial nature, a child can 
see at a glance what he 
_ would perhaps have much 

difficulty in recognising by 
orthographic projection alone, 
and as an assistance in under¬ 
standing plan, elevation, and 
.section, it is very valuable. 

Deftness in the use of the 
set-squares and neatness in 
execution are also obtained 
bj' this attractive and agree¬ 
able form of drawing. 

Working drawings of isometric projection cannot be used in 
making any other tliaii, rectilinear figures, but wlA;n it is Remem¬ 
bered that these are by far the most numerous of mechanical 
drawings, the scope of this form of projection will bo seen to be 
still great. 

The theory of isometric projection c!Vi be best understood by 
drawing the projection of a cube standing on one corner, with 
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one diagonal vertical to the plane of projection. Now all llio 
edges of the cube are of 0 (iual length and are ecjiially iiicliiii'd lo 
the plane of projection. They are, therefore, projected of e([iial 
lengths ir) that plane, though the projection will not, of course, 
give the real length of the edges. 

Draw three lines of eipial length, meeting in a point, and 
making 120° with each other. Theses make the projection of the 
front solid angle of the cub(!, and these lines are called the 
isometric axes, as from tiu'se all imrisnrcments aro to he made. 

Complote the cube, a'^ shown in tig. 15, by drawnig the 
* opposite paiallel edges to the 
isometric axes, using the set- 
sijuare. 

Notice that the diagonals 
of the/mr.s are shown in some 
eases foreshortened, as a r, 

A o, and A E, 'ind in the otln'r 
eases, being parallel to the 
plane of projection, as it c, c n, 
and D n, they aro shown their 
real length. Thus, noms of 
the diagonals of the faces 
being inclined to the, plane of 
projection at the same angle 
as thj .edges, measurements 
which will apply to the latter, 
not serve for any other dimension. • 

Hence the unsuitability of this form of drawing for any 
other than rectangular Agurcs. 

The real length of the edge is reduced in.the projcelion iii^ 


F 





34 


MANUAL INSTRUCTION~ WOODWORK 


the following; ratio: As Therefore, to put the case 

inversely, tiio isometric is to tho real length as the ^2 to ■^3. 
The proof of this will be seen by a reference to fig. 16 and to 
Euclid i. 47 and vi. 4. 

Eig. 16 shows the section of the cube on a c e a', and contains 



two sides, ac and a'e, and two diagonals of faces af, and A’'fi. 

Now the proportion of.the edge of a cube to the diagonal of 
its face is as : -^2 (Euclid i. 47), and as ac —and 
ae = .^2, tho diagonal of the cube a a', being the side which sub¬ 
tends the right angle formed by them,=V'3. 
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Draw cH, and |)rojcct it into XY at a' k. 

Now tlio triaiiHlos aka' and aca' arc ci|nal, and a o ii and 
aa'o being aiiuilar triangles, tbeir sides are in oonimon ratio. 

Therefore ao is to CH::v'';t ; but e it = .r' k, wliicli is tlic 
projocted length of ac, and therefore the real length of the side 
is to the projected length as to liaMsl on these facts, 
Professor Farish devised a systi'in of nnaisureincnt to Ik' applied 
to any rectilinear figure standing with its isomeliic axes eipially 

c 
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inclined to the plane of projection, with the ohjeet of niahing llij^ 
form of drawing serve the inirpose of hoth.plan, elexation, and 
secti#m Knowing the proportion of thf real to the isometric 
length of any line, it is an easy matter to make an isometric, scale. 

Draw two lines a ii and ac jierpoifdicular to each other, and 
mark off on them oipial parts at i> and k, as in lig. 17 : join n n. 
Now DE = v ‘i and .f u 
Mark off on An, a f, eipial in length to nn.* 
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Now, as AE = ^ and af=:^, therefore ef, which should 
now bo drawn, =-^3. 

Real length measurements on ep, therefore, can be shown 
isometrically on A F by dropping linos parallel to ea from any 
given point in e f to a f. Any of these lines will complete a 
triangle in common ratio to a e f. 

And as a f is the isometric length of e f, bo any distance in 
E F can be shown on a r similarly. 



Draw on BF any plane scale, and in this way mate an 
isometric scale of it. 

The somewhat difficult reasoning of this problem is not 
intended for children, but the teacher must thoroughly gr&sp it. 

Boys should be taught to use any plane scale isometrically, 
and, although this is not strictly correct, it has the great ad¬ 
vantage of giving a pictorial representation, in which all 
measurement in, or parallel to, the isometric axes can be shown in 
tl,ie same scale. Fig. 18 is an instance of a plane scale used 
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isometrically. A slab of wood | in. thick and 3 ins. siiuarc, with 
a square hole in the middle, is drawn to scale 4- 

On the ground line ab set up a perpendicular J hi. high. 
From the top of this draw two lines 8 ins. long at 80“ to a b. 
Those three linos give the isometric axes, and based on them the 
figure may ho rapidly drawn with the pencil and 80° set-square. 

Sometimes forms not actually rectilinear can ho drawn iso- 
motrically. 

Fig. 19 shows the face of a pentagonal slab, and lig. 20 the 
same drawn isometrically. 

The rectangle is drawn round this figure in order to accom¬ 



plish the object, for after putting the rectangle in isometric 
projection, it is a simple matter to mark the points of the 
pentagon on the new projection, and draw the figure in. 

Bound a series of points obtained in this way, the circle m 
fig. 2^ may tie sketched in isometric,projection, as shown in 
fig. 22. 

There is another way of makinf^ the isometric projection of 
this circle. In isometric drawing, one diagonal of a siiuare will 
be shown its real length, and this may he at once drawn, a b. 

Lines at 80” from each end of ab will gi^e the inclination of 
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tlie edges, and their intersection will define their isometric 
length. 

Join these points of intersection and the short diagonal is 
obtained. 

The point wlicrc the circle cuts the diagonal may be obtained 
from lig. 21 and marked on ab. Now lines parallel to the 



edges through these points and the centre will give all the points 
in fig. 21, and the circle may ho drawn in. 

In both the pentagon and the circle only one dimension, it 
will be notietd, is seen its real length, indicated by the scale, 
proving by illustration the practical uselessness of isometric 
projection for working drawings of any but rectilinear figures. 
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TiMiiEii as used in woodwork is the prodiud of the felled body o( 
the tree, stripped of its outer coveriue of hark. 

If the transverse section of a lop' of, say oak, in its 
original condition as cut down is examined, it will he seen to 
consist of throe broadly marked divisions: the hark, the sapwood 
next to it, which resembles m some depiee the inner main 
portion, or heartwood, and in or near the middle of the tree is the 
section of the pith, or niedulla. 

Let U8 first consider the large inner mass of wood in detail. 
Closer examination will at ome reveal a succession of thin con¬ 
centric rings of darker colour than the remainder across the 
whole surface, the smallest ring enclosing the medulla, and the 
largest forming the margin of the central wood next to the hark, 
Coniining our attention for the present to these rings, we 
shall observe outside the largest a thin ring, dividing the sap- 
wood from the bark. • 

This ring,»the cambium, consists of a *111111 slicot of cells, 
whicTi,*liy their growth and suhsequont development, form on one 
side wood, and on the other, in a nmch less degree, cortex, or 
bark. The lateral growth of the tree, with which we are iiu- 
modiatoly concerned, occurs, then, next to this cylindrical plate of 
oawbjiiuu cells. 
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These cells are of rectangular prismatic form, with tapered 
ends. In the spring, when the quickening influence of sunlight 
and other less-known causes stimulate the growth of vegetation 
into renewed activity, the cells on the inner side of the cambium 
split up radially, expand, and grow rapidly into tracheides or 
tilu'es. 

Though they do not radically alter in shape, these tracheides 
become provided with a curious and little-undc'rstood scries of 
valves in their sides, enaldiug them to obtain and communicate 
moisture. White this lateral growth is going on, a slowly 
flowing current of ‘ sap,’ obtained principally by the roots, 
ascends the tree, and the wood-forming materials contained in it 
feed and thicken the walls of the tracheides. 

As the summer advances, the increasing bulk of the wood, hy 
the formation of this ring of cellular tissue, presses on the cortex, 
but the latter exercises a restraining influence on the growing 
traclieides. 

These, continuing to form as rapidly as before, arc then 
unable to grow as fast radially, and from a nearly square shaiio 
in the spring wood, the tracheides become very much flatter 
radially in the autumn v\ood. 

The uiiward-llowing sap pauses as it were for a short time 
at the height of the summer, and then conimeuces to slowly 
(lescend. 

The resulting bengtit of the various elements taken, ijp by 
the roots and leaves of the tree is now more maiked, and 
the sap is more fully charged with woud-fonning materials. The 
walls of the traclieides consciiuently grow faster in the autumn 
and beeoiue thicker than in the spring wood, causing still greater 
contrast in the density of their appearance. Indeed, it is pro- 
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bable that, if the degree of vital activit}' in the Bpring were 
as great as that attained hy the tree in the late Buminer and 
autumn, the tracheides of the spring wood would reBeuil)li' 
very much more closely those of tho autumn wood than under 
existing conditions of growth. 

Another circumstance which must bo noted as tending 
to make the spring wood still looser, as compared with that 
formed in the autumn, is the presence of a large number of air 
tubes, or pores, which will be noticed in examining the end 
section of a piece of elm or oak. These are formed in the 
tracheides of the spring wood, but are much fewer and smaller in 
the autumn wood. 

These pores will accordingly be seen grou])cd in bands, as it 
were, in the earlier portion of Ihi' spring wood of elm, to lake a 
good case, though much less distinct, and freipiently nuisihle, in 
some woods. 

When winter arrives, the How of sap and the formation of 
colls cease, and the growth of wood with it. A complete annual 
ring has then been formed in its lirst and greater portion light- 
coloured, porous, and comiiaralively loose libred, and in its latter 
denser, tougher, and darker in colour. 

The newer rings of tracheides are those in which tho sap 
chiefly flows, and these in the course of years have gradually 
less sap supplied to them, and tho channels down which it 
forine\ily flowtal become filled simply wi/h air and water. The 
walls of these older tracheides are then thoroughly lignilied, and 
become much toiigber and have nior» cohesion than those of the 
sap-wood, making the most iierfeet form of wood. This is tho 
heart-wood, or true woodwork limber. 
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By counting tlic annual rings, the age of a tree may be 
discovered. 

Referring again to tlie end section of a log, a number of line, 
sharply delineated streaks of lighter colour than the rest of the 
wood will bo seen running, usually, but not always, from the 



r'lci. 2;l A, the cortex or balk, li. the cambhmi t c, tlu; annual units; n, the 
ine.iluila or jiith, k, the meiluilaty rays : these aie iliawn in a ihiiker tint, to 
brine tlioiH inoniiiiently into notice. They uie usually lighter coloured than 
the remainder ol the wood. 

I 
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medulla completely tkrough the heart-wood, sap-woad, and 
cambium, to the cortex. 

These are the ineduljai'y rays. 

Rig. 23 is the representation ot a piece of wood showing the 
transverse section, and two \ertieal sections at right angles to 
each other. This illustration shows the general features 
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alluded to, and by showing several sections of the uiedidlary rays, 
makes their real shape apparent. The wcdgediko eohniin of 
cells forming a medullary ray, it will ho seen, extends much 
more in a vertical direction than tangentially to the curve of the 
annual rings. In shape and arrangement the medidlary rays 
may be said to resemble, in some degree, the spokes of a 
wheel. 

Thus the medullary rays or ‘silver grain’ act in the 
economy of the tree as ducts to convey moisture and nutrition 
more easily and ra})idly through the tree, for the cells lu'.re, as 
in the vertical tracheidcs, are proviiled with lateral valves for 
the percolation of li([uid matter. 

The medullary rays also have a very strengthening ('ITec.t on 
the tree, as they bind the outside to the inside; and being 
opposed vertically to crushing strains applied to a baulk or log 
laterally, make the resisting power of the log veiy luuch 
gr(!ater. 

The thickiKWS of annual rings varies in dilferent kinds of trees, 
and specimens of the same species will also have ri?igs of 
greatly different thicknesses. Soil, sit lation, and the atmo¬ 
spheric conditions arc the chi(;t causes of dillerence in growth, 
wide rings being formed in favourable seasons and narrow ones 
in seasons when the weather, or any other circumstance is not 
so advantageous to the growth of the tree. 

Acc^rdingl,y^ in tropical climatvis, where ho material checks 
from changing seasons take place, the formation of wood pro¬ 
gresses frequently without any apparent difference betwcjcn 
spring and autumn wood, giving a level, even-coloured appear¬ 
ance, as if no annual ,ring existed. Peculiarities of this and 
other kinds occur in every possible conihinalion, and it is really^ 
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It is clear that the removal of moisture from a baulk, or lof;, 
of timber will reduce it in bulk and prevent further shrinkaf'o 
after it is wrought to a particular shape, when perhaps the con¬ 
sequences might be disastrous. Paint, or varnish, too, cannot 
be put upon wet or unseasoned timber, as it will almost certainly 
come off in flakes, and in any case will lose its virtue. 

The most common form of seasoning is the ‘ natural,’ and, 
generally speaking, it is the best. This plan is to stack the 
stripped logs, split in halves or sawn into |)lanks, either on end 
or horizontally in racks. This stacked timber should he protected 
by a roof from sunshine and rain, but ('ach piece must be so 
placed as to allow a free circulation of air round it. 

On no account should the ends of the planks or logs rest on 
the ground, as moisture will then probably ascend tlirougli tlio 
pores, ultimately causing dry rot. 

No vegetation should exist near seasoning tiinlKU, as it inav 
transmit the germ of dry rot, and timber yards are freijnently 
strewn with ashes to prevent its growth. 

The usual plan of stacking timber to ensure a free current of 
air when in a horizontal position is to |>luee thin strips of wood 
at intervals between the planks. 

When they are stacked upright the planks ar(! inclined alter¬ 
nately on opposite sides of a timber rack. The thickness of tlu!^ 
timber in this case will separate the planks throughout tlnur whole 
lengthy qjicept wTierc tln^y cross. This mode of stacking, though 
taking more space, is handier, for the timber has to he frequently 
turned, and is more accessible in tho timber rack than when 
stacked horizontally. 

If timber is dried toa rapidly it becomes dry outside while it 
is still very wet inside, and consequently splittiug in contraction ^^ 
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from the outeides in the direction of the medullary ray ensues, 
and, if in excess, spoils the whole piece of wood. 

The length of time for duo seasoning cannot well be exceeded,- 
as it must be romomhcred that perfect drying is impossible, .and 
the longer timber is exposed to a free drying air the bettw. it 
becomes. 

As a general rule oak in logs 24 ins. square and upwards 
should be seasoned for iwo or throe years, and the northern pine, 
to take a more readily seasoned timber, requires for a similar 
size about half this time. Smaller sizes, of course, will take 
proi)ortionately shorter times. 

Loss of weight is the chief means of measuring the success of 
the seasoning. Timber is usually seasoned when it has lost from 
one-fifth to one-third of its weight, but much depends upon tho 
purpose for which it is required. 

If Water seasoning.—In order to season limber more rapidly 
than by the natural process, and yet cheaply, timber is frequently 
submerged in running water, with its fibres in the direction of the 
stream. Tho action of the water is to wash out the active 
portion of the sap, leaving tho log merely saturated with water. 
This takes usually about a fortnight, and afterwards tho log has 
only to bo dried in the same manner as in natural seasoning. 
^Partial submersion causes irregular and partial seasoning, and is 
very harmful. The drying after water seasoning is comparatively 
rapid, and consequently the timber must be turned dail}», i^i pre¬ 
vent warping and twisting. 

Timber v/nieh has becy water seasoned is less liable to warp 
or twist than wood naturally seasoned, but is not so durable or 
elastic. If immersed in salt water tke timber is better than 
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from fresh or bracldsh water, but thoro is danger from the atlaek 
of sea parasites. 

Hot air seasoning.—This is anoUier common process. 

^ The timber is placed in an oven, or liot curn'nlof air. 

• The tendency to cause splitting liy cinih-aclion in the fast- 
’ drj'ing outer rings, while the inner portion of tin' heart-wood is 
still ‘green,’ is very great, and for this la ason the. timbei- is usually 
cut up into planks or other marketabb; forma before seasoning. 

The 2)lanks offer a much larger surface area compared wilh 
their cubic measurement than logs, and the contrast in the 
conditions of the outer and inner jiortious is, theiidbre, not so 
marked. 

The tendency to splitting is, however, always great, and for 
this reason the ends of the pieces of timber are usually (daupaul. 
The hot air procc'ss, as might Ix' imagim d, is rapid in its action. 
It usually takes about a forlnight, but it is expi iisive. 

Wood which has been hot air seasoned loses more of its 
elasticity and durability tha.n if ‘ naturally’ seasoned, but is not, 
perhaps, so liable to further shrinkage aft( r being wrought. 

To obtain small pieces of timber as nearly perfect as possible, 
the pieces arc entirely desiccated by hot air. 

Gunstoeks are, treated in this way, as the slightest subsequent 
swelling or shrinkage under the vari(,‘d temperatures to which 
rifles arc exiiosed would possibly have a serious effect on tliff 
delicate adjustflnonts of the mechanism. ^ * 

'I’Trnbers arc usually somewhat bleached by the process of 
hot air reasoning. , 

Hot water seasoning and steaming.—These are rapid but expen¬ 
sive methods which are somewhat undesirable, as decreasing the 
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durability and elasticity of timber. The liability to dry rot is, 
however, not so great when wood has been seasoned in this way. 

Smoke drying, in a moist warm atmosphere, is an excellent 
but costly form of seasoning. It is not adopted to any consider¬ 
able extent. 

Of the various methods described the ‘ natural ’ is undoubtedly 
the best. All the other forms of seasoning, in a greater or loss 
degree, destroy the natural properties of good timber, and are 
chiefly used on account of their speed. 

Even when well seasoned, it must not be understood that, for 
every purpose, the wood is perfectly ready for use. Another 
llnal second seasoning is necessary if the wood is wanted for use 
in fine work, where shrinkage would cause unsightly opening of 
joints and splitting, when held forcibly in position, like the panel 
of a door. 

The first seasoning would be amply sufficient for the heavier 
parts of carpenter’s work or for out-of-door exposure. 

Second seasoning.—In some woods, when a very small amount 
of the surface timbe^r is removed, warping and twisting will set in 
almost as if the wood had not been seasoned at all; to prevent 
this a final second seasoning is resorted to. Timber wanted for 
good work is then wrought to its general shape and kept if in 
one piece, or put together temporarily if in several jointed 
fiiecos. This roughly made work is then put by in a room at a 
temperature of about 9,p”, and kept for poi'iods x'arying ,from a 
fortnight to three months, according to the particular kind of 
wood and the purpose for v:hich it is recpiired. 

Shrinkage of timber.—A log in drying is reduced in bulk, 
and this reduction lessens the circumference. The fibres on 
the outside of a felled log in shrinking continue to adhere to 
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filch other hi the niiiiii, hut this hict ciuiscs a tangential con¬ 
traction to arise, and at intervals cracks open from the outside, 
and continue, as the timber dries, to run in towards the centre of 
the log. 

We have, then, in the loneitudinal libres a hineciitiiil and 
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riidia^ contraction at the same time, but (he cells of the 
medullary rays being in the opposite direclion will not contract 
as much radially as the annual ringit, and consequently, as 'in 
inevitable result of the various confi-acting tendiaiciesj s|j|itting 
takes place, usually conUguoiis to tlu‘ medullary rays. 

Contraction with a strong tendency to split4lie timber :it the# 
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medullary rays must take place, and steps have to be taken to 
prevent this splittint; from entirely'mining the baulk. The 
woodman accordingly splits the log in halves, as in tig. 24, 
or even in quarters, as in tig. 25. Now only a segment of 
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the circumference is inclmled in each piecu', wbu h, being sepa¬ 
rated from the remainder, is able to shrink much fsisier in a 
tangential direction. The dotted lines in tig. 24 show the 
contraction which usually takes place. It must be observed 
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that logs an; not split in Ihis wav lncauK(! the '-liape i - pri'l'orreil 
to that of a log, hut to siue worse s)ilitling taking place. In 
fact, the inevitable sphtting is recognised, and the halving and 
ipiartering being the forms 
in which least waste in 
conversion would probabiy 
arise, they au; cut U|) in 
this way as being the least 
wasteful [ilan. 

Owing to the frcipicnt 
lo)iping of small branches 
and shoots. I he bending 
and twisting of growing 
trees due to [irex ailing 
winds anil other causes, the 
libres: freipiently bi'conie 
very twisted and men 
involved in an extra¬ 
ordinary manner, notably 
in the large burrs of pollard 
oaks and willows. 

These latter winy 
twisting libres are in .some 
woods miieli valued for 

ornamental liTirposes. and 

» »• 

trees are sonietimes kept well pruned with llie intention of 
prodiieing tin's peculiarity. , 

Let us consider now the etleet of twisted longitiidiniil Hbres 
in a plank. „ 

iig. 20 shows the end seeliuii ol a seiii;*- of planks cut oi^t 
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of a straight-grained tree wliere the pulling temlency of the 
eontracting iibres has curved the planks at the side, and has 
caused the outer edges of the middle plank to become thinner 
than the centre. 

Suppose now that the other end of the llbrcs in the timber 
arc; twisted, the section of, say, the large jilank at a distance of 
twelve feet might resemble that of the next jdank in the illus¬ 
tration, no longin' containing the centre of the tree. This middle 
plank would be true when first cut, but it would become gradu¬ 
ally concave at one end, wbiie the other end remained fairly true 
except for the sliglit tliinning of tlie edges. Irregularities from 
twisting will take much more complicated forms. Planks 
which have war])ed or twisted in this way involve great wa.ste 
in preparation for work, as it is clear that they must be rendered 
true before anything can really be dime with them. 

A certain amount of restraint can bo exorcised on a plank 
which, on inspection, is suspected of being very liable to this 
twisting, k manual training teacher should avail himself of 
whatever knowledge of timber he may ]iossess, in intelligent 
storing of his stock, which may otherwise be rendered more or 
less unserviceable from this twisting. 

Contraction taking place almost exclusively at right angles 
to the medullary rays, the effect on a baulk of tiir.her which 
contains the heart of the tree near the centre will cause cracks 
something like those in,a baulk, as shown in fig. ‘27, and ((.nother 
case, where the centre of the tree is near one corner of the baulk, 
is shown in lig. ‘28. 

This siilitting is much more likely to happen under hot air 
seasoning than any other. , 

Heart shakes, are serious defects in timber. They are 
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(levcloixid in the f>ro\\tli of the tree, lint are more. appareMl 
when sensoned. If there are only otie or two ehahes no 
great harm is done, as the woiHlmaii will split tlie logs alone 
their course, hut if luany exist, makiiie a star xhaU, the timher 
is almost spoileil, only \ery littli' serxieeiihle timher heing 
obtainable. 

C'np sfm/e s aie eraeks along the line of the annual lings. 




caused by some vieissitude in the growth of the tree ilestroylng 
the cohesion b'etwoi'ii two annual rings. 

This is much more common in eerlain tris s, notahly pitch 
pine, than in others, and, of eonrse, always causes a loss ^if 
etfective timl)(tr I'apahle of conversion into iJ.inks, iVe. 

Diseases of timber.--'The diseases to which living tiers are, 
liable do not properly concern us here, but imismueh as woodiiiay 
he, and not infreipiently is, bronglit ilito the market in a more or 
less damaged londition from diseases which allei-ted it previous 
to felling, it is perhapS worth while to say a little about two or 
three of the diseases of living trees. 
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T]ie most common and destructive disease, in nortliern 
climates at any rate, and one which attacks the most widely- 
used timbers in this country, those of tlic conifers, is wet rot. 

This disease lias been traced to various fungi by the brilliant 
and invahialilo researches of Professor Ilartig of Munich, who, 
with other distinguislied German botanists, has done so much 
to enlarge our kjiowledge of timber trees and their proper 
management. 

I am immediately indebted for the notes given here, however, 
to the writings of Professor Marshall Ward, who has biought this 
hLibjoot in its true asp(‘cl before the I'lnglish public. 

Wet rot is cau.sed most frespiently by a fungus which ger¬ 
minates in moist ground round the roots of a tree, and entering 
them, sends out a large number of long white filaments, which 
attack and feed first on the cambium cylinder, and ne-xt on the 
starch and other food materials in the cells of the medullary 
rays, ultimately sending a complete network of arms through 
every part of the heart-wood, and reducing it, by delignifying 
the walls of the traeheides, to a soft, moist, spongy mass, with 
no traces of the original [uoperties of the wood. 

Of course this atta.ck, commencing as it docs from the base 
of the tree, rapidly kills it. 

Timber whicli has been partially destroyed by this parasite 
can be distinguished by its reddish or purple tint in places, or if 
the disease be very adraneod, by dull, yellow', soft patchasivith 
clear white spots, having a small hluek speck in the middle of 
each. It is rarely seen, however, as advanced as this. 

Another fungus wliich is somewhat similar in its action, in¬ 
asmuch a.s it attacks the roots of trees, ir the Ar/tiiicns Mdleiis. 
I^s distinctive features are, that it is able, by long sinuous 
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branches, to sjjreafl indefinitely to tlie roots of noif^libonriu” Ueoa 
not actually in contact. 

This fun}'us is very eonnnon in this country, and may he 
detected by its fructification on and near the roids of trees, in 
the autumn. The.se fructifications apiiear as toadstools of a 
yellowish colour, with rinos round tlieir necks. Tlie visible ellect 
of this disease is to oive timber a biipdil yellow colour in [daces, 
in the midst of which are visible white [lati-hes. Beech is [uir- 
ticularly alTected hy tin's disease. 

The familiar clinging, fell-hke suhstam-e, of a yellow to dee|i 
brown colour, frci[uently seen on oak and other In i's is a very 
destrnetive form of fungus, whieh, from this felt-hke mass, sends 
out feeding sliools into tho wood, and destroys it fiomewhal 
in the same manner as the otln r paiasitiis deserihed. 

Fortunately this fungus is only able to peaietrato the treo 
where it has been [irecionsly wounded by some other agency. 

This disease is readily detected by the white iilainents 
running in all dirictions in the timher, or, it only slight, hy the 
brown patches wlmdi will a|i[)ear, making the wood ((uite [lowdery 
to the touch. 

Of course many other paraslti's attack trees, and rot is occa¬ 
sioned h\f old age in addition ; 1ml if, in selecting timber, care ho 
taken to reject such as may have any of the faults referred to, 
good wood will generally be oblained. 

^'qjreigii timber is not often s<‘en in a very advanced state of 
decay, as it is usually not sliipped by the timber mereliants 
when found alfected. • 

After timher is felli'd it is still very liable to diseases, of an 
eijually serious eharacipr to those of tiling trees. 

One of the fungi which attacks cut timbcii- is levy liable to 
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commence its ravages in awy crack which the surface of the log 
may offer, even when yet in tlio forest, its effects being apparent, 
perhaps, only after months of storage in a timber yard. 

Streaks of brown or red colour, of moist, spongy nature, 
probably with patches of the white, fungus itself, sometimes 
appear in boards, and are the result of this disease. Timber 
with this defeit should never be accepted, as the fungus will 
spread and entirely spoil tlu! whole of the wood, or any other 
sound timber with rvliich it comes in contact. 

The exclusion by the woodman and the buyer of diseased 
living timber makes tin; defects already alluded to less fro- 
(piontly seen than would otheiwiso be the case. Ilut a disease 
with which everyone is familiar, and to which oven the soundest 
timber is liable, is the, dry rot. This disease is due also to the 
ravages of a fungus which eats into and decomposes the wood. 
It can be readdy discovered by the tine web of hlaments running 
all over the surface of the wood, and, in cases of advanced disease, 
by felt-like palcluis on the surface of the timber. 

The great preventive and cure of dry rot is a free circulation 
of air. A damp, still atmosphere, such as is found in cupboards 
and cellars, is veiy liable to lu'oduce rot. 

Even in these situations, if timher be thoroughly seasoned 
and quite dry before being used, and bo kept dry, it is impervious 
to dry rot. 

The difficulty ol keeping timber dry in spite of the exjiala- 
tions from the earth in cellars and similar places is, however, 
usually found to be insuperable unless free ventilation is re¬ 
sorted to. 

Timber built into walls, like the ends,of beams, is very liable 
to dry rot (really^ a very inappropriate name) because of the 
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want of ventilation ; and if the (aid of a beam in-ojects tlu'o\if;b 
the wall, the moisture which is so necessary for the proiiagatiiai 
of the disease is rapidly absorbed. 

One of the chief reasons for the dislike to sapwood evinced by 
tradesmen is its great liability to attack from dry rot, probably 
becaus(; its tissues contain more starcli and other substances for 
the fungi to feed upon. 

Market forms of timber,—Many of the teachers of manual 
training may have to buy timber, and :i knoukalgc of the trade 
tcauns of Bhai)e and measurement will be very useful, and pio- 
bably do much to prevent tho supply of timber under a false 
name. 

Timber when first felled, with the bark still on, is called ‘ log.’ 
English logs are generally at once converted into half logs, and 
when seasoned arc cut into boards of whatever size the tree may 
yield. 

English timber is usually found, conseipumtly, with a portion 
of the bark on tho outside of the sapwood showing at one or both 
edges of the plank. 

Eorcign timber is usually roughly squared into baulks, exci'pt 
in the case of the conifers, of wliiidi a largo amount of timber 
is imported ready cut up into boards. 

The sipiariug deprives the timber of its useless sapwood, anjJ 
foreign timber of the hard or leaf wood kind, at any rate, is usually 
found ’’P to the edges of the planks^ generally, however, at 
the rounded or ‘ waney ’ corner of the baulk the sapwood is left, 
and‘wancy’timber should not, tliemfore, bo accepted as first 
quality. 

Hard or leaf woods iuitablc for manual instruction arc gene¬ 
rally sold by the square foot in plank, anddn ordering thosii 
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woods the miinber of feet ‘ super,’ and the thickness of the 
timber required should be given. 

The Northern Pine, or, as it is usually called by timber 
mercdiants and otlu'rs, ‘ Ydloiv Deal,' is very largely imported 
in ready-sawn boards of various handy sizes. 

If 11 ins. or more in width these boards are called planks. 
Those of 9 ins. wide, and 2 ins. to 4 ins. in thickness, are known 
as 7( hale deals, and are usually 12 ft. long. When 2 ins. or 
less in tbicdniess they are ealled cat deals. If a 3-in. deal is 
cut into six, the thin boards obtained are called 5-cut 
deals. I'bosc will be sold as .t-in. boards, but this dimension is 
not real, as the saw waste has to come out of the measure¬ 
ment. 

Wo have accordingly 3-cut, 4-cut, and even 12-cut deals, 
though these, being only about i in. thick, are very rarely seen, 
except in certain trades. Boards of 7 ins. wide and less are 
called battens. 

Deals or battens cut in the width into narrower boards arc 
called quarterinijs ; very small pieces of this kind are called laths, 
quartcrings and latlis being usually bought by the lOO-ft. 
‘run.’ 

The classification of timbers in such a manner as to make 
J.hem readily recognisable, is a matter on which much difference 
of opinion exists among various authorities, buHhc easiest and 
most readily appreciated is the usual trade classkieatiou 
into— 

I. Conifers, and il. hroHd-leaf woods .—These two classes may 
be again subdivided, as shown in the following tabic:— 
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Main divisions 
1 . CONIFKKS . 


II. Bboad-lkaf Woods 


Classification. 

Sub<Uvisi(iin 

a. W'llli 7esin canals • 


6. WitJiont resin cmials 

a. With visible ineduUanj 

uiy 

1. Annual ring and poios”! 

visible . . i 

2. Annual ling \itiililo, 

but piuos invisible 

b. Wtihout iisible i/huiil- 

buy uiy 

1. Annual ring ami pores 
\ihible 

2 Annual ling visible, l 
but poles in\ isilili- . / 
8. Withoutvisibleainui.U 1 
rings 01 poles . • J 


FionllMr rxmuplc^ 

C(‘dar. Noilhein, Wev 
mouth, 1‘ileli, Kawii, lu d, 
amlOicgon IMms, Spiiieo 
(IUhI and \Miit<), Ijiuch 
Yow 


Oak. Heecli, Kim 

Syeauiore, I'lam', Ibi'^swnod, 
Kopbu, Hot iibeam, Alder 


Ash, ’IV ak, Mahogany, 
Jairah, Walnut 

rjinio, Box, (’heslniit 
b’.bony, ami rugniini Vit.n. 


This classification, thon”li perhaps not the most coin[ilctc, 
will be found in the main a satisfactory ^juide, Imt the fact that 
all decrees of distinction exist makes it very dilUcult to always 
allot any wood to a particular class. 

The detailed descriptions of ci'i'lain woods which 11101 / he 
included in a course of manual instruction will prove, it is hoped, 
useful, but no description can ever fully convey an imiiresHion of 
the })roperties of the different timbers. I'lvery oppoitunity for 
inspection and* working in any new tiiijhcr* should he seized 
by the teacher, and a museum of specimens will he found 
invaluable. , 

It is dillicult to formulate the general characteristics of (imher, 
when the particular species vary so very much in size, colour, 
and density. 
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The following few general rules may he, however, accepted as 
fairly accurate in most cases : 

1. Lustrous colour and a bright sheen in a varying degree, 
according to the kind of wood, are an indication of good quality; 
and a dull colour is generally indicative of inferiority. 

] I. I’ro^ ided the colour is even and bright, the darker the 
tint the better; thus dark-coloured oak is better than light. 

III. Sapwood, except that of elm, is inferior to the heart-w'ood. 

CONIFERS 

Northern Pine (I’iiiiis HylicutriK). —This tree is sometimes 
called the Red kii', on account of the reddish-brown colour of the 
l)ark ; Yellow k'ir, by reason of the colour of the wood when cut 
up; and Scotch Fir, because it is commonly found in Scotland. 

This tree grows in certain localities in England, thriving 
best on light sandy soil. Ey far the greater part of that used 
is exported from the Baltic ports of Prussia, Russia, and Sweden. 
It grows in Scandinavia and Northern Europe generally. 

The Northern Pine has particularly well-marked annual 
rings, the jn'evailing colour in good wood being a bright very 
light yellow, which deepens in the thin dark autumn wood to a 
Jjrownish yellow, owing partly to the larg(,'r amount of resin in 
the wood. The medullary ray is usually iuvisdde, but can be 
detected very occasionally on close examination. The ^Bflin of 
pine is usually straight, and the wood can be obtained in con¬ 
siderable lengths. It is smnetimes full of knots, but the extent 
of this defect depends on the particular kind, for the timber from 
different Oerman and Russian ports varies very much in its 
^ characteristics. , 
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The sapwood varies in quantity very nnu-.li. It is inferior, aiul 
easily distinguished hy its bluish tint. 

Northern Fine is a very duraldo wood—in faet, it is doul)tful 
i£ even oak is superior to it in this respect. In both wet ami 
dry situations it stands the weather well, and, owing to its 
cheapness and reliability, it is nuudi the eoiiiinoiiest timber 
used in England. In judging tins wood for (|uality the idiief 
thingfi to look for are: a bright yidlowish colour with a good 
lustre in both siudiig and autumn wood, regular ami narrow 
annual rings, showing a series of eoncentiie, or as nearly as 
possible concentric, cireb's, not more than onc-tc iilh of an imdi 
wide on a transverse section. Kings of varying tlucKness are a 
bad sign, showing irregular and evciqitional growth. A (dammy 
surface w hich will stick on the sole of a plane and, when hi ought 
to a true surface, has not the shiny silky lustre of good wood, or 
W'('od wdiich chokes the t(‘eth id' a saw, is bad. Shavings from 
good wood will always retain their cohesion Ixdter, and have 
griaiter elasticity than those from had. A dull chalky appear¬ 
ance (usually found in loose-fihred, wide-ringed timheij is 
ohjectionahlc. Of the various kinds of tlie Nortliorn Pine 
imported into this country, the Prussian is undoubtedly the best. 

The practice is to mime the kind of timber from the. jiort 
of shipment. This laistoin was no doubt originated by ttie^ 
timber morcliaiUs, and though obviously defective, it still serves 
to indk^te in a general way the quality ai»l sizes of tlio timber 
to bo obtained. 

Stettin, Mciiiel, and Dantzig send wdiat arc usually found to 
be the best timber, perliaps Dantzig the best of all. 

The Russian liign and Archangel deals are next in quality, 
and Swedish are most inferior. 
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Tho iiiitive Scotch Fir is of very poor quality, and is not 
much used except for provincial work, while the small amount 
of this timber in England is grown purely for landscape 
ornamentation, being practically useless for any woodworking 
trade. 

Yellow deal is easy to work, clean, and when well-seasoned 
does not warp or twist much. 

Norway Spruce, or White Fir (Aliiis rifchK ).— The w»od of 
this tree is pahu- than the Nonlu'rn Pine both in the s}iring and 
autumn wood, and is not nearly so resinous, which probably 
accounts for the lighter colour of the wood. To distinguish it 
from tho Northern Pine this wood is usually called ‘ White Deal.’ 
Tho annual rings are much narrower, and the wood is more 
close-grained than the Noitliern J’iiie. 

White deal is light, strong, and elastic, and though the knots 
are very hard it is fairly easy to work. It has the valuable 
property of holding glue well. 

Thosa|>\\nod is not easily distinguishable, but in planing it 
always seems ‘ woolly,’ and can only be made smooth with 
great diHicnlty. 

The best ((uality of White Deal is brought to this country 
from Piussia, St. Petersburg and Archangel deals being largo 
^ (us\)ally 11 ins. in width) and very free from knots. 

The true Norwegian timber is smaller, and full of large glassy 
knots. This kind of White Deal of the smaller sizes, w often 
imported in log with the bark on, and those logs are then called 
‘ Norway spars.’ 

Tho American variety of White Deal {Ahii'n alha ) is of inferior 
rpiality, being extremely full of knots and more liable to twist 
. and warp, besides being less durable than either llussian or 
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Norwegian. Tho ^Vllite Deal is extensively used for iutei iml work 
in building in tins country, and espi-eially where, its clean 
appearance is a ixaioiuuiendation, as in lloor hoards. It is not so 
durable, however, as the Norlheni I'ine, especially in wet 
situations, wlau'e it decays with coiiipaiali\(> lapidily. 

Red Spruce Fir (Ahics nihrii), a reddish-eoloiiix'd timber foiiiul 
in Canada, and Nova Scotia, whi iiee it is usually imported for 
the spars of ships. 

Red Pine (I’iinin riihru ).—This tri'e grows in Canada and tho 
norih of the United States, and is so called fi'oiii the colour of 
its bark. 

The wood is of a reddish-yellow' colour, and can oidy be 
distinguislKsI with diHiculty from iileniel deal. The knots, 
however, are larger and are more fi'ispieiilly ‘dead’ (loo.se). 
This wood is of a very good (wen colour. It is of line grain, 
and can bo obtained in large hoards. It is useful for indoor 
work, hut is not .so strong or durable as the Memel timber, W'hi(di 
it resembles, though easier to work. 

American Yellow Pine, or Weymouth Pine (Piinis SlnilniH ).— 
This is the best American pine imi)ort(sl for imloor work. It is 
clean and very soft, tluf annual ring is very indistinid,, and tho 
medullary ray is invisible. Tho sa|i-wood is a greenish-grey 
colour, and is worthh'ss. This wood can be, oblaimd in larg(^ 
sizes and very often remarkably free from knots, wInVh, when 
they jesur, are usually large and ‘ dead ’ (Joose). 

This pine can in\ariably bo distinguished by tho uiiiipu' 
characteristic of numerous short, tin», hair-like streaks in the 
direction of the fibres; it is useless, or nearly so, in any wet 
situation, but is fairly (Jurablc in dry positions. It holds glue 
very well, and as it is not liable to warp or^wist, is used as„, 
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backing for veneers. For the same reason it is used by pattern 
makers. It is easy to work, but is not sufficiently tenacious to 
hold nails well. 

Pitch Pine (Pimis reshiosa or Finns rif/iila ).—This pine is 
remarkable for the very wide, bright bands of resin, which 
fill up the autumn wood, and make the annual rings of this timl)er 
the most distinct of all. The rings ai-e rather wide, and Iho 
medullary ray is invisible. The spring w()od is of a pale yellow 
colour. Pitch pine comes from Ainerica, and chiefly from the 
southern part of the United States. 

This timber becomes iiriltle and defective in ago, but when 
from a fairly young tree is one of the very strongest timbers, 
bearing great loads almost as well as oak. It has also the rare 
quality of being durable in varying wet and dry situations. Its 
handsome aiipearance mak'cs it mneh sought after for ornamental 
purposes also, but there is much waste in conversion owing to the 
largo amount of sap-wood. 

There is very great difficulty in shrinking this timber in 
seasoning, and in fact it appears impossible to thoroughly do so. 
Apparently well-seasoned tiinlxu will frequentlj', when its surface 
is planed off, commence to shrink again, and the writer once saw 
a piece of this wood, which had been glued down for more than 
„ijeven years, suddenly overcome the restraining infltumce of tln^ 
glue, and shrink quite one-eighth of an inch, the oceurrenci! 
being accompanied by a loud report. As might be giitliered 
from this experience, pitch pine does not hold glue w'ell, and this 
fact, together with its tendency to split when kept from shrinking, 
makes it very difficult to use with safety. 

The vast amount of resin in the wood makes it a very hard 
and difficult iiiaLju-kl to work in, as it clogs every cutting tool. 
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Pitch pine is liable to bo brittle at the liearl of the tree, ;nicl is 
often ‘cuppy.’ 

The Larch (genus /(■(nr). -This tiinb:'r is tlie most ibirsble 
of all the Conifers. The l>i‘st is Keiier.'illy impoiied from llus,-ia, 
though iniU'li good landi is grown lu this eomitry. 

The wood is of a l)riglit yellow or brow nish-\ellow eoloiii', is 
very Imnl and resinous, wjth a more even tiwtiiic Hum most id' 
lh(' Conifers. Tiie annual ring is, however, disimrt, llioiigli the 
inediillary ray is invisible. 

Two varieties exist in America, Ta/ir {icii'liihi and tlu! red 
],iirix mirrocarp/i. 

They have the same (diaracteristies as llio ^hn■o|)e^,n Kinds 
extri'ine durability in any situation. This timber is not greiitly 
used in Mngland, exeejit for rough out-of-door work like [losts 
and railings, railway sleepers, Ac. It warps very nnieh in 
seasoning. 

Kawri Pine (Uammara an^lrnih). - A New Zealand pine of 
large si>ic. The annual ring is distinct and the textui'e of an 
even yellow-brown colour, with densi! lihres nnudi clioKed with 
resin. Tlie timber can be obtained in large sizes, and the 
absence of knots-makes it very useful for ships’ masts and 
spar.s. 

Oregon Pine (Ahirs BottijJaki). -K fine American pine, which 
has been largely imporb'd in rocimt years. The wood is firm 
and good^ but sht'inks in rather a marked il^’gree in seasoning. 

It will swell in the autumn wood very rafu'dly after being 
wrought, causing much dilliculty in bringing it to a regular, even 
surface. 

Cedar.—There are .several kinds of cedar, but that most 
generally used, and wliicli grow.s in Piigland, ij^ the Virginian 
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(Junipervs vmfmiana). Tho timber rcscmlilcs Honduras maho¬ 
gany, except in one important piirticnlar, that many fine 
black longitudinal streaks appear, scattered over the surface 
of a plank, as in the Weymouth pine, but they are much 
longer in the cedar, varying from one Indf inch to 8 inches. 
The cedar is very durable in dry situations, and, being light and 
not subject to warping, is uselid for boat-building. The great 
characteristic of cedar wood is its peculiar odour, which makes it 
proof against the attacks of most insects, hence furniture is fre¬ 
quently made of it, to i)resei ve dollies and other articles. 

Yew (Ta. Ills hiiccaia).-—'I'hin tiinix'r, which is fairly common 
all over Europe, is noted for its great durability in all weathers, 
d'ho W'ood is of a deep yellow colour, with close, even texture. 
The annual rings are fairly distinct, but the medullary ray Ls 
invisible. 

It is flexible and very tough, but splits easily. 

This tree is remarkable for its slowness of growth and great 
longevity, many tree's now existing in a flourishing condition 
being known to be many centuries old. 


BROAD-LEAFED WOODS 

Oak (genus Qiierciis ).—Tho oak is the commonest of the broad- 
leafed trees of this country. 

The annual ring'is distinct, there being a somewhat piarkod 
contrast between the spring wood, which is generally very visibly 
porous and small in quantity, and tlu' autumn w'ood, which is 
wide, compact and of a dai’ker colour than the spring wood. 
'The im'dullary rays, especially the larger ones, are remarkably 
distinct. V 
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The smaller rays are daiKer and much more mimeroiis lima 
the larger ones, which, when the wood is cut ohlii|Ui‘ly, give 
Mich a beautiful llowercd appearance, making good examples of 
the carpenter's silver grain. 

The smaller the medullary rays are, however, the stronger 
and more durahlf! the wood. The inmailing colour of good oak 
is a bright rich brown. Inferior kinds ai'e more or less ri'il in 
colour, or are somewhat bleached. 

The sap-wo<id is inferior to the heart-wood,but if the wood is 
straight grained it can he split into good laths. 

In England two common varieties exist, the stalk-fruited 
{(JiinirKS prdM«r»/at(i), which may be dislingnished when growing 
by the short steins to the leaves and by the long stems to the 
acorns. This species is sometimes also called Qucrrux Ituhur. 

The cluster-fruited or /hi// On/, (Qnercii.'! sensilijloni), whadi 
the acorns grow m clusters with short stalks, the leaves having 
stalks about 1 inch in length. Some doubt, however, exists as to 
this classification, and this latter kind is sometimes regarded as 
a variety of Qiicrcim lt',hnr. Tlii're docs not seem to he any very 
great difference in the quality of these species, though a preju¬ 
dice has existed in favour of the stalk-fruited oak. 

The oak gives timber which is remarkably durable under 
any circumstances. 

In wet and underground situations it has been known to 
endur^ tnany centuries, and in dry plaiu'S it has, when well 
ventilated, lasted a thousand years. 

Oak varies very much, even in hln^'land, according to soil, 
care and attention from foresters, and other causes, but usually 
it is tough, hard, and,very strong, and can be bent very 
readily when steamed. 
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Tlio wood being handsomo, strong, and plentiful is very 
mueb us(;d for all purposes requiring strength and endurance, as 
well as for purely ornamental work. There are, indeed, very few 
requirements which oak cannot meet. 

The (dii(d' defects of oak are—that it warps and twists unless 
well seasoned, it is at all times lial>le to the attacks of insects, 
and, hy reason of the gallic acid with which it is impregnated, 
it corrod<'S metal fashuiings very quickly, cspccdally if in the 
wot. 

The Duniiast Ou/i, wdiich is fairly common in England, is of a 
very inferior character. 

Oak from Scandinavia is sometimes soon in this country. 
It can he recognised hy its small size (usually in hoards). It is 
generally of a dull pnlo colour, full of white streaks, and is 
inferior in quality. 

Danizuj and Memd Oak comes from tlic Baltic ports gene¬ 
rally. It has smaller medullary rays, and its iiguring is not so 
largo as English oak. It is bright and dark in colour, though 
not so dark as English oak, is prettily liguriid, and very straight 
grained. 

Like the Butch wainscot oak, from which it can with 
difficulty ho distinguished, it is less liable to warp than the 
,^comjiarativoly cross-grained English oak, hut is not so 
durable. 

Wainscot is anothvr kind of imported European oali^ joining 
chiefly from Holland. 

It is very similar tO'- that from the Baltic ports, and has a 
more lustrous colour than English oak. 

American Oak .—There are several kinds of oak imported 
^ from America. 
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Anjorican oak is chai'iU'liTis(>(l liy llie red tin”o of colour in it. 
This is sometimes very marked. In a lesser dej'ree it is notice¬ 
able for its straif'lit grain. 

All oak, and especially Ihiglisli, is dilliciiU to work, and 
planes should always be kejit in ))articiil.irly good older when 
reipiired to work in oak. The wood slionld be left snioolli from 
the plane, subseipient scniiiing or glass papering being very 
injurious to the appearanei' of the surface. 

Oak can be highly polished, and it bolds glue \ery well. 

Sometimes new oak is darkened down to the colour of age by 
the ajiplication of a solution of aninionia. 

Elm (f/’him.sj. - There are live European varieties of this wood, 
which grows [irincipally in Western Europe. 

The most common kind in England is the rough-leafed elm 

{Ulmii.t cdiiijwnln^). 

The elm, as may be seen from the general appeaiance of the 
growing tree. Ins very twi.Tid fibres, rendering it liable to warp 
and twist. 

The spring wood is very porou.s, while the autumn wood is 
hard and darker in colour. 

The prevailing shade is a reddisli-hrown tint, hut llie sap- 
W’ood is iiotieoablo as being miieli paler in colour than the 
heart-wood, and in it the redness of the pores is noticeable by 
contrast. 

The,medullary rays are fine, hut distiiipt iind numerous. 

Owing to its lia.hility' to twiat, this wood is not much used for 
fine work, but by reason of its great^ strength and durability, 
especially under water, where its decay seems almost impossible, 
it is much used for the jjiles of piers, liridges, Ac. 

A peculiarity of this timber is that the sii^i-wood is eipiall} 
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as diirabli; us tlio Jicart-wood. Lilio most timber, liow«vef, it 
is more inclined to rot wlien exposed alternatcdy to wet jnd 
dry conditions. Nevertheless, it is much used for boat-build-'* 
ill", and heavy out-of-door construction, where strength is 
wanted. 

It is ebeai), plentiful, and enormously strong. 

Though .so liable to twist, even in large baulks, it is remark¬ 
ably free from shakes, and as the grain is close and twisted it is 
dillicult to split elm. For the same reason nails and bolts can 
bo driven into it without fear of their loosening. 

'Die Jiriiad-lea/i’d iVych Elm {Ulmiis montaiia) and the Sinooth- 
leafed {Ulmiis i/lahra) arc not very common in England. In 
Scotland and Ireland, however, they are grown in preference to 
tho rough-leafed variety. 

These trees are even larger than tho rough-leafed elms, and 
have much straighter libres. 

The Diilcli Elm {Ulmiis inujor) is a very inferior variety ; in 
fact, practically worlhless for timber. 

The Corh-harLi'd Elm (Ulmiis siilierosa), found in this country, 
principally in Sussex, is another inferior kind. 

Caiiiida Uiiek Elm {Ulmiis nieemusa), so called from its being 
imported priiiciiially from Canada, and because it grows well in 
rocky places, is very different in many ways to tho Eiiro[)eaii 
varieties. 

, 0 

It is usually straight grained, in marked contrast the 

rough-leafed elm. 

Tho annual rings are close and regular, and of a brown 
colour. Inferior specimens have dark, irregular annual rings, 
and the sap-wood is more liable to deuay than the heart-wood. 

_ This timber, thgugh it does not twist so much as tho common 
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elm, k'ses a great deal of its volume in seasoning, and is xciy 
’ agt to shakes and warping. 

Beech {Vatjus) is found in the temperate clinuites of tlui 
Northern Hemisphere, and in Austialia also, hut its eharacler- 
istics vary in different countiies. 

The colour is a whitish-lu'own of various shades, the darkest 
being known as black beech, and the liglitest as white. 

The annual ring is faiily compact, the ddl'ereiico between the 
spring and autumn wood not being eery marked. 

The medullary rays are \ery numerous and distinct, and as a 
conseipience beech is easily (deft. 

Beech is apt to become ‘bui'red,’ as the while doaly spots 
which appear on its surface are called, when exjio.sed to alternato 
wet and dry. 

It is, therefore, hardly ever used for exfiu'iial work, oxiaipt 
entirely under water, but, owing to its reliability and toughness, 
is used a good deal in cha,ir-niakiiig and other work exiiosed 
only to a dry atmosjdieri'. 

Beech is very liable to warping or twisting, unless seasoned 
by desiccation or steaming, Imt wdieii thoroughly seasoned is of 
great service wdiere toughness, smoothness, and durahility are 
required. 

This timber is liable to the attaidi of worms, and, owing to a 
strong acid contained in it, metal fastenings are i apidly corrodi if. 

Hojnbeam ]{i’IiiIiih). -This ^oaoll is rather coiiiiiion 

in the South of Kngland. It is little used, tlioiigli diiraldo 
in exposure to weather. ^ 

The annual ring is not very distinguishable, and though the 
medullary rays are ratl^cr large, tliey are not greatly different in 
colour to the remainder of the wood. 
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It is cheap, and as tho fibres are close and the wood will 
stand hard blows, it is used for some descriptions of tools. 

Nail holes made into it soon close up when the nails are 
withdrawn. 

The wood is never beautiful, and is not used for ornamental 
purposes. When old it is brittle and useless for any purpose. 

Sycamore {Acer ii^cnAo-pliitanus) is a common Enelish tree, 
and is frequently miscalled the plane tree. The timber is, how¬ 
ever, vary different in a])pearance. 

it is white or a light yellow colour, which deepens with 
increasing age, till it is sometimes of a brownish hue at the 
heart. 

Tho medullary rays arc fine, distinct, and very numerous, 
causing a pretty dappled effect on the surface of boards. 

The saq)-wt)od is of a very pale green tint, and it is often 
dillicull to distinguish its limits. 

The timber is even in texture, free fioni knots and shakes, 
hard, and capable of receiving very accurate finish. 

It is brittle, and much attacked by woims. 

Sycamore is used extensively in cabinet-making, for furni¬ 
ture a)id other ornamental work, and, as it works up so clean, is 
much used for turnery. 

This wood can be dyed, and will retain its now colour very 
Veil; it is therefore used by marquetry-cutters and others, who 
require contrasting'colours. ‘ , 

Plane Tree (Plataniie ).—There are two common kinds of this 
tree, one growing in Asia ]\|inor and tho East generally (Platanus 
orientalh), and the other in the United States (Vhtums 
oceidentuhs). They are much alike, and both reseiiddo lurch, 
but have more niedullury rays, causing the dappled appearance 
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of sycamore, only more inteiisilied by their hei-bli iicd cdIdui- 
a medium brown. 

riane wood is brittle and difficult to work. It is apt to be 
loose libred in places. 

This Avood is much used for ornamental purposes, and its 
durability is Rreat, especially when entirely siibiner^td in waler. 

Poplar (Henus Popuhi.H). —Theis! arc live dilfeieiit kinds of 
poplars couiinonly t'rowinf' in bbiKland, and two in Aiiierica, but 
their general characteristics arc not greatly dill'erent. 

This tree is found rather plentifully distributed all over 
Western Europe. 

The wood is white and soft, but does not shrink or swell 
much, and is durable in dry places. 

The medullary ray is not visible, and the spring and aiiliinin 
wood can be distinguished by the pores in the foriiier. 

It is not much used except by carvers and turners, who like 
the even texture and soft nature of the wood. 

In country places it is used for the internal coiiHlruelioii of 
houses bccau.se it stands well in the dry, is fairly pleiitiliil, and 
conseipiently cheap, but it is too soft for hard wear. 

Chestnut {Custanca r c.s'cu). — This is known as the Spanish or 
sweet chestnut; the latter name was given because the fruit is 
edible. 

It is a large, fairly common tree in this country, and, lik? 
the oak, will livt; for a very great time. ’ 

It attains its maturity, however, quickly, and from that 
time—usually less than a century—slowly rots away at tlie 
heart, old specimens being almost without exception quite use¬ 
less as timhor-producing trees, from this cause. 

The annual rings are very distinct, owing t^ the deiqi brown 
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colour of the autumn wood, hut the tnedullai'y ray is invisible, 
as are also the pores in the spring wood,- giving the wood a 
close, solid ai>pearanco. 

Chestnut is, when young, very useful for all purposes 
where strength and durability are required. 

Owing to the early decay of the tree, the best timbciv comes 
from trees about 60 or 00 years old. 

The sap-wood is easily distinguishable, being light in colour, 
and thus contrasting with the heart-wood, but there is very little 
of it at any time. 

Alder (Alans pht/iwosa).—This tree is common in damp 
distiicls and by the banks of rivers. The wood is soft, of an 
oven yellow colour, slightly tinged with red when seasoned, but 
is white when lirst cut down. The annual ring is not very 
distinct, hut the medullary ray can be detected by its slight 
lustre, although nearly the same colour as the annual ring. 
This wood is tough and fairly strong, but is not very stiff. 

It is durable under water or entirely buried in the ground, 
but soon rots c.vcept in dry places, and is very much subject to 
the attack of worms. 

Ash (l‘'rariniis exerhior) is found very generally through¬ 
out the-northern temperate iione of both the Old and New 
kVorlds. The appearance of the wood varies in different 
countries. 

English Ash lias .very twisted grain, is of' a lighf brown 
colour, and occasionally almost white. There is a strong 
contrast between the sprjng and autumn wood in the annual 
rings, due to the porous nature of the former, which is of 
a lighter colour than the autumn wooc^; The medullary ray is 
invisible. The !\aj)-wood in this timber is not ai>parent in young 
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wood, coiisequontly little waste takes plaee in ciitliii^ it inlu 
planks or scantliiiys. In old wood, however, the heart Ijeiomrs 
black, and is then of very little usi'. 

Ash is reinarkahle for its touehiiess and flexibility, and when 
it is fairly straight grained is moderately easy to woik, hut 
when, as is usually the case in Knglish ash, the wood is ‘curly,’ 
or twisted in the grain, it is very ditficiilt, and is ajit, if it is not 
thoroughly seasoned, to twdst and warp. 

When ash trees are felled they are at once (juartend aiul 
even cut into planks, or numerous serious shakes would appeal- 
and quickly destroy the whole log. 

Ash, owing to its great sfrength under sudden strains, is 
used for tool handles, spokes and felloes of wheels, and 
gymnastic apparatus. 

Some hettcr-inavked ash is used for making furniture and 
for other ornamental purposes. 

Indeed, pollard ash is sometimes purposely grown for this 
reason on account of the beauty of its grain. 

Ash is very duiahle when in dry places, hut soon rots when 
exposed to varied weathers, and is apt to snap suddenly. 

American Ash can bo distinguished from the Ihiglisli variety 
byitsred(l“r colour and stiaigliler grain. In use, loo, it is softer, 
owing to its long straight gram. Aiiierieaii ash is nulidi used for 
making oars and sweeps, where the English limber would he 
liable to warj) ifiid twist too much. ^ ' 

rfungarian Ash is entirely an ornameutal wood, owing to 
its very twisted grain and the great contrast between the 
spring and autumn wood iu the annual ring. This wood is 
beautiful, hut from its twisted nature it is impossible to use it in 
thick pieces. 
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It is, Uicreforc, usually cut into veneers and used on a foun¬ 
dation of some otlier wood. 

Walnut (■Iiii/taiis rfi/ia ).—This tree thrives in England, but 
it is a native of the South of Europe and of the same lati¬ 
tudes in Asia and America, where it grows to a much greater 
size. 

The Walnut when 3 ’oung produces very inferior white wood, 
hut in old trees a marked dilTerencc exists, it being of a dark 
brown colour and very durable. 

The wood is of even texture, the annual ring being fairly 
distinct, with occasional twisted veins of darker colour, except 
ui the black walnut, as the dark-coloured American variety is 
called. The medullary ray is invisible. 

The i)ores in the spring wood are rather distinct, and the 
wood shrinks considerably in seasoning. It should, therefore, ho 
well di'ied in the second seasoning in order to get it true. It 
does not wai'i) or twist much, however, and when linally shrunk 
will stand well. 

Walnut is much used for ornamental purposes, as it can 
he glued very strongly, and will take a beautiful polish. The 
vciuiug adds much to its appearance, especially in the roots and 
burr wood. 

This wood does not in the least corrode metal fastenings, 
)lnd for this reason, and bceau.so of its lightness and strength, it 
is invariably u.sed lor eun.stocks. * ^ 

Italian Walnut is the best, but is dear and dillicult to get. 

American Walnut {.hnjlans nhjm) is cheaper tlian English or 
Italian, and is extensively used. It has all the ordinary 2 )roper- 
ties of walnut, e.xce 2 )t that it is not so durable and is somewhat 
less elastic. 
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This variety is straighter grained and is easier to work than 
European Kiiids. 

Teak (VVepi/ai firaiuhx).--One of the most vahi,il)le of woods, 
from its great strength, durahility, and resistance to tlie attacks 
of insects, and is theiefois' gicatly iisisl for all slructuial ](iir- 
])oses. Th(! Ti ak tree grows in India, all o\(>r tin' Deccan, and 
in ihirniah and<’e\lon. The wood is hrown, lighl, slraighl- 
lihred, with no \isihle niediillary ray. 'I'he annual ring can he 
distinguished and the spring wood is always ])orous. The char¬ 
acteristics of teak V, ary, howloer, in the diUVrent districts from 
which it comes; .Tohore leak is sliongist and Inaviest, and 
^^ouhuoin, of which we lane the, greatest sn|iply, is the most 
llexihle. 

The presence of the resinous oil, which is so useful in pre¬ 
venting the attacks of insects, and saving metal fast' iiings from 
rust, causes tlm uiijdeasant smell which is so distinctively char¬ 
acteristic of te.ik. 

This resinous oil will somelinns he found in considerahle 
deposits lining the numerous heart shakes to which this tree, is 
liahle, and W'ill hlnnt [die, edgi' of any cniting tool ; and, in fact, 
the wliole suhstanco of the tinihc'r is iiarticiilarly apt to take the 
keenness from the edges of tools. Sometinn s leak will he found 
with a very small amount of this oil in its com[)osition. It ijj 
then light in weight and of a [laler colour. 'I'he tree prodiieing 
this has prohahly heeii tampered with hy natives daring 

its growth, in order to obtain tlii' oil. Teak of this kind is 
brittle and generally inferior. > 

This wood is fairly easy to w’ork, Imt caro is rwpiired to 
prevent splintering, to which it is liable. 

Mahogany (Sivictenin Maknijani ).—There .»are two rather 
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distinct kinds of tins treei—tfie TIoiidaras, growing in Central 
America, ami tlio Sjunnsh, flourishing in Cuba. 

A slightly varied kind of the latter is from Ilayti and the 
Bahamas. 

Honduras il/ff/o)yuro/ is of a rich reddish-hrown colour, 
with a lustrous g(dde)i shade. Inferior kinds are paler in colour 
and looser fibred than Ihe best (piality. 

The annual ring is visibb', but there is no great dilTerence 
between the spring and aiilunin wood. The pores ai\' \eiy 
evenly scattered and prominent, tin! medullary ray is not 
visible. 

The timber shrinks .-iml warps but slightly, and holds glue 
probably better than any other wood. These (pialities, addi il to 
ijs good colour and durahilily in di v silmitions, make it very 
useful to eabinet-makers, pattern-makirs, and (jLher wood¬ 
workers. 

It soon decays in wet places, and is not thei-efore suited to 
outdoor work. 

The commoner kinds are light coloured and soft, some- 
timea as soft as pine, especially in the timber grown in the 
swampy country along the coast of 1 londuras. This is called the 
Bay Mahogany. The grey iiatches which occur in planks of 
^nahogany are the effects of wot rot in the living tree. This 
wood is unsound, containing the germs of dry rot, and should be 
rejected. 

Mexican Mahoiianij i.s, generally speaking, larger ana more 
figured than Honduras, but is bad at the heart, possibly through 
overgrowth. It is more liable to twist and warp and frciiuently 
has heart shakes. 

Sjiaidsh Muhiyaiiy. --'nns variety, grown on the rocky soil of 
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Cul)a and llayti, is much darker 'in oolour, liarder, lu'avicr, and 
iiiori! beaulifid tliaii tlie Honduras, but not so sfroii;; oi stiff. 

Tile beauty of this wood is Veiiiarkalile, the vaiiely in thn 
form of the tif^iiriiij; beiiio ^^reater than in any wood, and tliis 
chanieteristie, addeil to its tine rieli colour, makes tlie liest 
i|iiality tile most iiii^ldy prized wood loi oniaineiilal purposes. 

^f;lllopallv is sonn times dailoaied witli a solution ol lii- 
eliromate of potasli, to pi\e tile finer colour of atte. 

riiis process is attiaidcd witli a ianl\ satistaidory rcsiilt, iuit 
does not produce siicli a enod tone as tlie natural ellict ot loiio 
exposure. 

'file difTeience between tile sprinp and autiiniii wood in tlio 
annual riiips is ratlier more distini-t tlian in most of tlie Ifondiiras 
\aiii ly, luit tlie fad tliat tile latter is so \cry \aried incolour and 
li;^uiino niaiies it soinetnims dilticiill to dislineiiisli S|ianish. 
Tlio one relialiic jioint ol distinction lictweeii Spaiiisii and 
Ifoiidiiras nialiosanv is tlie wliile clial!\\ siilistaiice witli wlilcll 
tlie jiores of tile foriiii r are iinari.ilily ciiolicd. 

Tins liind of tnaliooaiiy is niiicli more ditliciilt to worl\, owiiie 
to its dense and twisted lilires. 

All maho^^'inv possesses the t^enerai cbaracteristic of com¬ 
parative freedom from the riuaees of worms and Irom dry rot. 

Jarrah (Evriib/ptiin wuipimi/u).--This wood is sometimes 
called the Australian malioeaiiy, and is grown chietly in Western 
Aust4-tdia. 

It is of a line rich red colour, even textured, hard, and 
durable, and, baling but little ligiirg, is more like iinrigiired 
Honduras than Spanish mahogany. No medullary ray is visible, 
but the annual rings ary fairly distinct. 

It is very durable in both wet and dry sitin',tions. 
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Tlifi .JiuTiili in very subject to heart shakes and cup shakes, 
and for this reason tin; outer portion of tl )0 heart-wood is tlie best. 

This wood is, liowroer, in all its parts liable to shakes .and 
to wairpino and twisting. It is V(‘ry hard and extremely diflienlt 
to work. 'l’h('S(! i-easoiis are nbjo<dions to its gener.al use. It 
is, however, very little Hiibjeet to the attack of worms or other 
insects, and is naid to have a disinfecting' inlhience when used in 
buildinos. 

Box {Biinin Krmjx’nirctis) is prown in England, and all o\i r 
Bontliern Europe, and in Asia as far east as Tersia. 

This wood is very heavy, hard, and close ^rained, and of a 
lipbt bripbt-yollow colour. 

I'lnulish box, which is much the hardest variety, is slipditly 
darker in colour, very much more twisted in the libres, and with 
more knots than foreign box. 

Imported boxwood, penei-ally called Turkey Box, is straighter 
trained, and is more n liable for many’ purposes. 

There are indications of the annual rinp', whiidi cannot, 
however, be said to bo distinct. This is esiiecially the case in 
Eiiftlish boxwood. 

Owing to its prohibitive price it is not much usoil except for 
filiccial purposes, whore its qualities render it almost invaluable. 

The handles and heads of soniedrixing tools and the handles 
of chisels are soniotinies made of box, and it is .also extensively 
used for cngraving-bloeks. 

Lime. -The European lime is a soft, white, evcii-tcxtiired 
wood. The annual ring is fairly distinct, but the medullary ray 
is rarely visible. The wood is plain, but, being very reliable and 
not apt to wa.rp, is much used by carvers. It is sometimes, 
therefore, called die carver's tree. 
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Tlio tiuibor of tlio Amerioan liiiu; is ciillcil liass-woml, aiul is 
of a yellow-brownisli colour, and sonioliiiK's ([uUi' ('rri ii. 

Tlie annual rinj' is fairly distinct, and tbo nicdullaiy ia\s arc 
small, numerous, and very clear. 

Tina wood, in seasoning;, loses a larj^i' ainomit of nuusliire, 
and consequently shrinks oc,.all\q wariuno somewinit al the 
sanu' time. 

It is durable in the dry, but if exposed to a moist atmospluic 
absorbs moisture very ra|udly, ami swells to such an ( xleiit as 
to destroy any work of whiidi it forms part. 

This wood is fairly cheap, and, ownip to the ease with which 
it can bo worked, is ri'commended for manual instriiclion. The 
green-coloured wood is the best for this purpose. 

Ebony.- dense, be.uy, hard wood of a black colour, with 
white, or nearly white, sap-wo.nl. 

This wood is the darkest coloured of all known timbia's, and is 
consequently used in good cabinet-work where a black colour is 
wanted. 

It is very liable to splinter in working, and, owing to ils gn at 
price, is not much used. 

Lignum Vitae [(iiiiiuirum 0//7chiri/c). -One of the hardest and 
heaviest of woods. 

It is imported from the West Indies, and is used for puiqiosc 
requiring great resistance to crushing strains. Tbo annual ring 
is distjntt, but the medullary ray is invisilde. 

The sap-wood is of a dirty yellow-white colour, but the heart- 
wood is a dark brownish-green. , 

Lignum Vita' is very dear ami dillicult to work. 
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OTHER MATERIALS 

Glue.—Tliis important material in a manual training room is 
sold usually in tlirce liinds, Scolcli, Freiirdi. and ‘Town,’ but all 
are made from the lioofs and liiiles of oxen and other animal 
products. 

These substances are boiled, strained, melted, redmiled, and 
finally, after several operations, cast into bard sipiare cakes of 
varying Ihicliness. 

Scot(di glue is the strongest that is madia It is of a reddish- 
brown colour, but when held up to the light it should be trans- 
])aront, or nearly so, and of a bright amber colour. The 
transparency is a sign of good quality, and it is important that 
no dull, cloudy spots should be apiiarent. 

French glue is made, in two thicknesses, one about a ipiarter 
inidi, and the other about one-eighth inch thick, both being 
tliinner than the last Scotdi. It is very transparent, but this 
increased transjiai'cncy is more due to the nature of tin' glue, 
which is of a light colour, lhan to the thinness of the sheets. 

Town glue is inferior in every way. 

'J’here are various reliable modes of testing the quality of 
V glue. If it is wdtid and ndibid, good glue will at once become 
sticky, v^hile a griasy smface may be taken as indication of bad 
material. There sln.uld be vciy little smell from goedcg^iie, but 
the odour, such as it is, should never be musty or very 
objectionable. ■ 

AVhen glue is used to attach two pieces of wood, the surplus 
should be squeezed nut by continually rubbing the two pieces 
of wood together. IVhcn these have been rubbed together for a 
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certain length of time a ‘ net,’ as it is calli'il, ensties, tlic JoinlMl 
wood is then pnt on one siihi to dry. Now good glue will not 
‘set’ too quickly, but will dry after ‘ setting’ \erv soon. 

If glue dries in a joint in an hour or two, or takes a vi ry long 
time to dry—say more than twenty-four hours it is inferior, 
and the work done with it will he defeeli\e. 

In mixing glue as little moisture as may he neeessary should 
be absorbed, and the best melliod of luepaiatmii is as 
follows:— 

Break up enough glue into as siiiali pieces as are reasonably 
possible, and place it in the inner of the two glue-pots, just eover- 
ing it with wati'r. Fill the outer pot with cold water and 
steadily boil. Stir the glue eoiislaiilly while it is im lliiig, and 
when it is thin enough to run olf the hi iish in a steady stream 
without breaking into drops it is ' iii.ole,’ and leady lor use. 
Before the glue is quite ‘ made’ a seiim of iinpunlies will ap]i(iar 
on the surface, ami should he, n iiioxeil. 

Another way of making glue is to soak il for t\yel\e hours in 
just sufficient cold water. The glue should not melt by this 
soaking, hut swell coiisiderahly; and here is another lest of the 
glue, for the more it swells in soaking the In ller is its ([iiality, 
while if it dissolves, it is inlerior. The glue and the water in 
which it has been soaking should mov he translened to the inner 
glue-pot, and boiled nU'nilili/ for about an hour. 

'];]iii first plan, however, is the best for ,every purjiose, though 
the glue does not keep good so long, and will not hear re-heating 
so much as in the second method of preparation. Glue loses 
virtue every time it i.i heated, and if it gets dirty it is spoiled, so 
that it is of the utmost importance to keep both glue-pot and 
glue clean. 
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Kti’dH}; Hi’otcli "liio Ik usually c<iiisiili'r(‘(l tlu' la st where inrro 
stn unth in r(i|uir(al, hut iu very hue work, where tlio dark I'olour 
of tlu! ('hill iiiiKlit show at the joints, Freiieh ((hie is preterahle, 
heeause of its )i((hl('r colour. The very host ((hie for streU((th, 
and the ino.at ccoiioiuical iu the end, i.s a uiivliire of about ei|ual 
parts of Scotch and French. 

Nails.—There is a very (;reat uuiiihcr of kinds of nails — 
about ;l()0— and only a few can pos.sihly he described here —indeed, 
it would he beyond Iho conipass and ohji'ct of this work to 
endeavour to do more, liriefly, all nails are made to hnak 
throu('h the lihres of wood, and are held tightly by the elastic 
hhres, which, endeaMiurin(' to re^jain their orioinal jiosition, 
|iress li(;htly on the wedee-shaped nail. The to(is of nails 
are variously llatteiicd out into heads, which assist \ery much 
in holdiii(! them in iiositioii, espia-iaily if there is any 
pullin(' strain at the opposite ends. 

The nails recommended for the manual trainin(' 
room, and which will he necessary for construclin(; Iho 
models in the Course, are llii' following : - 

Cut Ctiiaii Niilx (lie. *2!)).—These nails are cut by 
niachinery from a rolled sheet of iron. The head is 
not very lar(;e, and when dri\en home with the hammer, 
the sli(;htly proieclino top of the head is drireii just 
below the surface of the wood with the hammer and 

t • 

punch. These are h’pical of a hiree class of old-fashione<t flails, 
which are, howexer, {(radiially heine beaten in the market by the 
newer Berrated steel brads, 

A similar nail is the Wroii<iht C/usp Nail (fi('. 30). This nail is 
very stron(>, and the shape of the head ((jves it a better hold than 
that of the out chisp rail. Owiiif; to its fibrous nature it is much 

. \ • 
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used wlicri! it is mjiiirod to clciudi a nail liy bi'iuliii;^ tlio ini'jort- 
iii^ (roiiit oil tlie roM ise .^iilr of tlu> iiioco of \\oil;. 

For till' liolit work of 111!' oxori'iscs of a iiniinial tiiiiiuiio room 
till! Iiost kind is tho (h-a\ Sh d (do. ill). 

Tliis nail, it will lio si on, Ims sliylit sli.dlow caiinrluri's round 
it, near tho lioad. 'I'lioso assist on atly in lioldino Ih'' nail in, 
and tho Hat head dors not inojn't so miich as in tho out nails. 
Tim sharp points and oval sliajio of tin so nails niako tin in \oiy 
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liiuidy, as they raroly s|ilit tin' wood, and wln n horino has to ho 
resorted to, a very small hole is nooossaiy. 

Tiie Jliiiil (Ho. ;f2) is Used whone the strain is not 

great,•aftd as they are reipiirod for tliis ptirposo, tho head only 
projeet.s on one side. They do not niako siieli large holes as cm; 
nails, and, owing to the Miry slight hinid at tho iioint, they are 
liable to gradually draw from an miright to a sloping position as 
they are driven in. 

The holes for these nails sdiould, therefore, he bored in a 
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Hliglitly inclined direction, ko that the pulling of the bent points 
will finally bring them upright. 

French Nails (tig. I)!5).—Theso nails are made of round wire, 
pointed, and with a largo round flat head which projects rather 
considerahly. They are not punched in, hut allowed to lie flat 
on the surface of the wood. These nails, like the steel brails, 
are very strong and tenacious, but the heads 
are unsightly, and their use is usually confined 
to rough, strong work, like packing-case 
making. 

Screws of \arions kinds are used for very 
many pui'iioses. They are much too numerous 
to bo touched upon here in detail, except the 
usual Hat and round-headed wood screws- the 
only kinds rei|uired for a woodwork manual 
training room. 

Though the general ap))earance of screws 
is familiar, the great assistance of the tapering sjiiral point in 
making a first entry into the wood may not be fully realised till 
comjiared with the old-fashioiicd screw, which was blunt, and 
required great elVort to make it enter. 

It will be noticed (fig. ill) that the screw is only cut into a 
'•thread ’ for about two-thirds its length, as this is all that is 
rea.lly requisite. .Further threading would only weaken the 
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lateral strength of the'serew. 

Round-lmuled Screws are useful for ornamental purposes, and 
are usually made of brass'. They are lujed in exposed parts of 
line work, where the Hat head of the iron screw would mar the 
appearance of the article. 
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Tub varieties and senpe of tiie tools to lie nsod in nnunial 
instruction have lieen ^jenernlly descrilied in the inlrodnctory 
chiiptir, but there are still the ini|iortant iinestions of the 
pattern and ([uahlv, as well as the deinonsi ration of tin' mecha¬ 
nical principles of their con^tniclion. I'lNery tool should he cpnte 
as large as it is possihle for the operator, whether hoy or nnin, 
to conveniently use, hut It is only in the case of large tools, or 
those reipiiring great ciTorl, that any nnidilication iiisi/.e heconU's 
really neci ssary to suit children. 

The tools reconnnended aie accordingly, usually about full 
si/.e, or the smaller of the ordinary trade sizes used hy men, 
except in the case of saws and planes. The ordinary workman’s 
pattern of these tools is decidedly too large, and special jiatterns 
are very advisable, if not ipiito indisji uisahlo. The iiue^tion of 
the (luality to be obtained can he dispiioslof in a sentence. Th« 
best tools only «ro advisable, for it is particularly true of tools, 
that feJl oconomy will be found in the best articles. 

In describing tli” individual tools, such as are not necessary 
have been e.vcluded ; and though spi’'cial circumstances might 
arise in some cases which would call for the use of other tools, 
the frequent occurrence*of such cases is not contemplated. In 
the case of some of tho very simnle and elementary tools, a 
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givoii ill tile illiislnilic'ii (iig. 85) is tlie best, and tlie one gene¬ 
rally adopted in ]''.ngland. 

The gniige cipisists of two pieces of wood, the stem nnd the 

stock. i\itll a tliiinib-hcrew in the side of tlie latter, which, when 
, \ 
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holds till! stock tlnnly in dcslnsl ])omUoii on Un' 
stem. The h|mr, or tooth, is a pieie of steel pointed at one end, 
and which passes through llie stein m ar the end of it. It will 
be seen that one side of the spur is sharpened flat and the other 
side ri'iinded, as in tin. The loiind side of 

the spur is the neaiir to the slock when in use. 

The reason of this is cdiMous. ,\s llu* tool is 
Used hy )uishino it awa> fioin llu‘ opei.ilor, 
while the tooth ill. ikes a cultnio scialch on Ihe 
si.rhice id’ the wood, the shape ol tin loolh 
causes it to keep the s|ocd\ well up |o the i dj'.e 
of the wood. If the toolh Wc ie pl.icc d with the flat side' 
towards the'slock theie would he a coiilinual t( ndeuc\ in iisliie 
to draw towanls Ihe (‘doe of the wood, coiislaiil elhal would ha\o 
lo he made to keep the stock |iiissed ueainsl the edpe, willi the 
result that ina oid;u'scr.iti lies, instead of a i-h an cut, would he 
made. 

A oood oauoe iiiav he known hy the cleanness of Ihe morlico 
throuoh the stock, Ihe straiphtness of the stem, and llu' qiiahly 
id' till' boxwood screw. I'lie beech stock and stein hIiouIiI make 
a pood lit. 




Mortice Gauge •i7l.—This tool is for jnarkiii;; t\\o cut 
lines parallel to the (sl;^c of ii piece of wood, usually to iixlicate 
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the liniitH of a iiiortiee or slot which is to he cut in the wood. It 
is siiiiihir iii i)rincii)le to the niarliing hut two s[)urs or 

teeth arc iiroviiled, and in order to obtain the power of rej^ulating 
tlie distance of tlie two cut lines from each other, one tootli is 
fixed into tlie stem, wliile the other is bedded in a strip of brass 
which slides up and down the stem, obedient to the eoverning 
screw in the eJid. The points of the teeth are made to cut on 
both edees, and are rounded somewhat on both sides. There 
being two teeth, thy liaJjility to run out of the straight line is not 
very great. 



Try-Square (fig. IWi. —S.i called liee.ause it is iiftended to test 
the accuracy of work ; if is, in fact, used for a variety of [uirposes. 
The construction only of the tool will ho described here. It 
consists of a thin hlado ol steel with parallel edges, fitted and 
riveted in, and at right angles to the stock. This is generally 
a piece of rosewood or ebony, shorter than the blade. 

The stock of a good square generally has a piece of brass 
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fitted on the inside ed;;e to prcM'iit, as far as pos-ihle, inaceuracu's 
arisinc' from \\(air. The rivets slionld 1 k‘ |ilaci (l as m the illus¬ 
tration. Hoinetinies both blade and stock are made of wood, and 
when long-hladed s(|nares are rcijtiired, they are. of course, ap- 
preeiably lighter than iron ones, thoupli not so reliable. Sipiares 
are also made with stiad hla li s, and east or wroncht iron stoid»s, 
but these are almost sokdy used by metal-workers. 

The \ital point iti the eunslntetton of a stptare is the ri''ht 
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anpde between the stock and blade. To test (he aeeiiraey of that 
all-important iwittle, take a |iiece of wood witlj the faee trued tip, 
or plMltal le\el, and the edoc perfiielly sliflight. 

riaee the stoidi of the square aeainst the edoe with the hlailo 
flat on the surface of the wood. • 

Mark a cut line alone the edee of the blade k a, fie. tJO. 
Reverse the sipiare—i.c.’, place the other side of the blade aftainst 
the line already cut, with the stock aeaiiist the’bamc side of the 


/ 
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wood, iuhI if til'! oiIkc of the Hiiuare coineicleH with tlio cut line, 
A A, then the K(|iidi'e i- tnie. 

'I'he. reason is clear, for the angles contained hy the cut line 
and the edoo of the wood have just heen demonsti'ated to he 
('(jiial, and the second straight line faliine upon the first straioht 
liiK', and iiiaKino ('(pud anph s wilh the wipe of the wood, make 
the two anples liplit aiiples. 

Should th(! wpiare prme incorrect, the amount of the error is 
at once deteeU'd, and, if not too preal, can he tiled true. A preat 
thinp to look for in a sijuare is (he (juality of the ri\efinp, and 
this is of the utmost importance. 

Sipiares vary prcidly in size, which is alwa) s reckoned hy the 
length in inches of the blade. 



The Bevel (tig. -Ij)) consists ol a stock and hladii held together 
hy a screw pin. * * • 

'I’he stock is made of some hard wood—rosewood or ebony— 
with brass mountings at eitch end. 

Tho blade is made of a parallel plate of steel, with a slot to 
allow it to move up and down on the scrc^-iiin at the end of tho 
stock which passes through this slot. 
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The slot in llie sldi’li p(‘rmit> the lilmlr ti' 1« imhi- 

pletcly roniul on the M-rew-pin. ainl, it ean he li^hiem il in .in\ 
posilum, any anele ean l)e iiunh hetwei n it ami the atm-k. 

In seleetine thia tool, ho earehll to are lli.il the eih'i a ol 
the hlmle iU'o atraieht ami parallel, and that the o'Teu ol lla 
Htoek, when tightened, orijis the hlaile without 
beiulino it. ' 

Compass (li;'. It .- The |iallern in 
ilhiatration is the Kind in eornnion Use. It ; 
i,s pnnided with a win;;, wlmli parses ihroileh | l_ 
a slot ill the oppoaile 1, ;; when ahllt up. 

The sen w IS usi fiil to tiohleii up tlii' lees 
at a ptii tieiil.ir si't, as in iii.ii kiiie eiir\i‘s on 
the aill'l.iee of wood thiie would he a “I'l at 
liahihtv for the drawiiie h ;; to open h\ lieiii;; 
drawn from its eoiiise hy the librous nature 
of the material. 
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Chisels and Gouges. --The el iael eoii'isls 
cf two parts - the handle and till blade. ' 

The handle is eenerally made of heeeh, 

but sonjetinios of ash, and, in SI. ofllielieht' I'l... it. 

careini; tools, of box. It is made in ditli rent 

Bhapes, accordine to the Kind of wyiK for whieh tlie tool is 

wanted. 

The chief varialioip is in thiiKiiess. Some handles aie 
severely treated in doing heavy work, and niiisl/. be able to r(.<.ibt 
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h(‘avy blows with the iimllct. 'J'licy iire iiccordiiiifly stout and 
Btroiift, but lighter chisels have con'esiioiuliiioly liy'ht hiiiidhs. 

The hh:i|)i’ of the blaihi is also oovi i'iieil hy the work for which 
the chisid is intended CiiMino chisels ,ind t'oiiRes have thin 
blades, iiiasiiimdi its they ai'(' i'<‘i|iiiiid to jiai'e or remove the 
wood I'radiiall}, in thin chips or slnninps, and no "reat slrenglh 
is re<|ihri d. 

On the oilier hand, mortice chisels, whiidi 
rei'ciM' hea\y Idows, ami iinist wilhstand gn at 
shoidis anil cioss str.nn. have stilf, stout 
blades. 

The )irincip!e of the culling poition 
of idiisi'ls and gouges is aliKe. The face, 
or the under sidi' of the chisel, when in 
Use, IS sliaiglil to the edge, hut the hack 
is cut olT at the top, making the eiitlnig 
angle. 

'I'liis angle i.s sniall in carving gouges 
and light idiisi ls, hut, in elimels for luiiMer 
work and to cut h.iider wood, the angle is 
gie.iler. 

The tangs of chisels and gouges should he 
four-sided, with shoulders to take the wooden 
handle. The angles of the tang |)r(;\ent the 
i.iiig, e, slimilcli i blade from turning under a twistinj^ strain, 
!' nlmUiic ImKle- preteiits the handle splitting 

II, eiilUiis angle. fi-om l)|o« . 

The Firmer Chisel tdg. T2i, The blade of 
this chisel is Hat, the face being pi'rfevtly true, from Z,- in. to 
2 ins. wide, and'from .'"i ins. to H ins, in length. 
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Very Ion” eliif-els of (his kind are i-ulh d imiin” cla^rls. 

The blade of (lie ehihel is thin mar (lie entlni” end, nnd 
slightly stouter us it approuehes the shoulder. 

In the smaller sizes, in. to J in., the (hiekiiess from hack 
to front is greater to in,ike up for the stahiht\ lost in width. 

The grinding angle should he 'i.'i'. and (he eiitting angle ;!u 

If the tool is to he Used in cutting \ei \ h iid wo > 1, the angle 
should lie slightly iiiere.ised, (o pre¬ 
vent the risk of hreakiiig the edge 
under hea\\ hlows. .Vs soon as t!ie 
cutting angle heeonies too g|-,.|p |i\ 
frei|Uent shar[ienuig, the chisel should 
he regiound. 

Firmer Gouge (lig. l;h. - The hl.nle 
of the gouge is eone.ue, hut olhei- 
wise its eharaeteiisties are (he same 
as those of (he ihisi-l. This fonii 
of gouge is ground on the coiim-v 
surface. 

Scribing Gouge (Hg. Ih is a little 
thinner in the hl.ule than the liimer 
gouge, and is ground on the insid.'. 

Kortice Chisel (lig. I.'o. --'I'his tool 
is not much used in the pieselit 
eourjic. 

It is for cutting mortices or slots thioiigh the thii km ss ol a 
piece of wood, and <‘is it is eoiitiiiually siihjei ted, when in use, 
to heavy blows from a malkt, it is \eiy strongly iiiinle, both in 
blade and handle. 

The handle is sometimes hound round theli.ittom with copper 
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wiiT, and the aliouldcr of the blade bedded on leather to prevent 
aplitting. 

Stiff Bent Gouge.—This tool is used to cut out curved depree- 
eions in the surface of the wood ; it is niade in \anous .-^izes and 
with ditfeieut curves, Oiu- or two kinds 
will probably be found sulhcu ut. 

Planes. I'lunes are used chiefly fer 
reducing bread and lone siirfaei-s to pel feetly 
suioiith, tial, or cuiweil fcunis, as may be 
re'piireil, oi- for making cmiliiiuous gnioM.s 
and mouldings <d' a more or less conipli- 
eated nainre with or across the grain, and 
in sli.light or cuiwed directions. 

When a small Jiiece of wood is to be 
removed to reduce the surface to any 
disiied le\el, a chisel or gouge will fiillil 
the purpose, but when the surface is large, 
it is i-lear that the huger and more regular 
the Ihiekuess of the piece of wood remo\ed 
at each cut, die more easily will the task be 
performed In the pupil. The plane fiillils 
this rei(uiremeul. .\ wide blade, ]iraclieally 
fimilar to a chisel blade, is litti d into a block of wood in such a 
manner that ils cutting edge just a|)pears through the perfectly 
true surface of the faco or sole of the block, at such an angk us will 
allow it to cut the timber to be made true in its course over the 
surface. When Ihc blade is well pressed down it will thus cut 
just as much of the wood oil', as the dei>th of the blade showing 
through the soh' ; and inasmuch as the Mock of llii' ]ilane regu¬ 
lates the depth df the cut made by the blade, so it will enabio 
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tlu^ liliuli! to tako nioia; plTirt on jiorlions of tlic oljjiTtno tinilici' 
wliicli aro in rolicf tlian on paita wlnrli niuv ho <lr|irosHcil. 
l''ig. 'lli givos an oxaggoi-itcd oa'^n of nmnon wooil hoiio! aidocl on 
liy tlie piano. It is n.itinal (hat in ouli i- to tai ilitalo tins 
rodnction of tho nioro pi'oininont n iognlantios liisl, a long piano 
i.s more roliahlo than ft short <1110, and this is tho loason that 
jack pianos and trying pianos liavo long hoilii -, 'I'liongh Ihoso 
pianos are iisofiil in K’lluoing Innhor to a good lo\ol iinfaVo, 
ahsolnto smoothness is impossihlo, for the nit of a piano-iron 
makes a long trongh-hko, though \oiy shailou, gioovo. Tho 



t'lhrcs, loo, in tho motion of the piano hooonio soinowhat hrokon, 
and l•anse slight f-onghnoss in places. 

So long, Ihon. as tho |)hvsical power of tho o|ioralor is not 
overtaxed, the wider the plane-iron for flat work the hitler, as it* 
will leave fewer ridges and shallower grooxos. Short planes, 
hocaui?e 1 ;hey can he pressed down so mnoh closer to the siirface 
of the wood than long ones, are useful in o\orconnng the slight 
roughness left from tho long Irving, and jack planes, hut hy 
reason of their toiidoiicy to |p|ano tho wood hollow in the loiigih, 
they should only he used‘sparingly. 
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Tlio iiiit'lc lit wliich a ]iluiU!-iron Hlionld hti sliarponcd is, in 
nearly eicvy case, tlie face lieine flat and the hack slojiing. 

If till! (‘dgc is thicker it will not cut satisfactorily, and too 
much force will he necessary. If it is less than d.'i'’', it is apt to 
hreak or turn on encountering a hard substance like a knot. In 
all the planes iicM swiny to the course of manual training in this 
hook, the iron is placed in Ihe block with the back towards the 
wood. 'I'he angle of inclination of Ihe iron to the sole of the 
plane is regulated by the degree of density of the timber to be 
planed. 

It is obvious that a less angle than 'M> would bo iinpossiblo, 
as the back of the culling angle would then be tiat on the sur- 
la.co of till! limber to be planed ; and e\en this angle is imprac¬ 
ticable, as Ihe iron would not then cut at all, but simply .slip 
over the surface of the wood. 

'I'he iron is, therefoie, usually placed at •15'’ to the sole of 
the plane, and this will be. found the most serviceable angle, for 
experienci' teaches Unit a greater angle than ■15 ’ would, except 
liuiler specnil and rarely obtained conditions, cause the iron to 
become more scraping than cutting in ils action, leaving the 
surface rougher than is the case when placed at the usual angle. 

In planing there is at all times a tendency for the wood to 
split in front of the cut being made, because of the lifting of the 
'fibres split by Ihe action of the iron as the iilane progresses. If 
allowed to procCi'd unchecked, Ibis would hifvC the etlcct of 
causing irregularities in front of, and slightly below, the pfane in 
which till' edge of the blade is ciiUiiig. 

This is especially Ihe case when jdaning against the grain, 
i.c., when the llbres dip into the wood away from the operator. 

The sketch ^,lig. 17) shows ideally the n.ltural splitting action. 
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causing' any inarlnid olistnielion in the path nf the piano. Fig. 48 
showb the action of tlio cap-iron, and fig. 4!) the method of secur¬ 
ing the cutting and cap irons to each other. 

'file cap - iron is licnt sliglitly at tlie 
hottoni end, and the inside at this end is 
finished oir smooth and true. 

When tlie irons are acll screwed up, the 
call-iron is slightly licnt inwards hy thi> pulling 
of the screw, with Ihe effect that the smooth 
inner surface of the lower end is Kept very 
hard down <tn the face of the' cutting iron, 
prerenting sharings from running up hetrveen 
the trvo irons. This must on no account 
Iniiipcn. 

The edge of a plane-iion is not straight, 
but slightly curved from end to end, as in 
fig. .'iO, in whiidi, horvever, the curve is much 
Fio. ia, Tlic screw exaggerati'd. It will lie noticed that the 

A can be pif-scti , (V , rpi 1 • t e 

through the slot nt coriierH avo rounded oil {ilso. Ihe ohject ot 
n, iitid niovc(l d(>«n prevent the corners from cutting and 

in llif direction of * 

jlio iirrow.^as umy maKiiig sharp marginal edges down each cut. 

The block or body of a plane is invariably 
made of some bard rvood, rrhich rvill not rvarp 

or trvist. In order to ensure this desirable 

< 

i|r.ality it is desiccated. Jteccb, •aUhough 
when green liable to warp, is, if prepared by 
being subjected to steam, the most suitable 
wood from which to make the bodies of planes. 

The brown and red varieties arc the most reliable, and the 
very best, deal', straight-grained pieces are used. 



I'lo. bn. 
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Tlie aiiinial ring bIioiiIiI be nearly i)arall(‘l to llie face, and 
the hilver grain iit right angles to it, or as nearly so as possible. 

Fig. 51 .shows the end section of a plane with medullary 
ray and annual ring. 

The shrinKago of the timber, which, to some extent, must 
occur even in seasoned wood, it must be remembeied, alwa}S 
takes place to a greater e\n iit ai ross 
the silver grain than paralhd to it, so 
that the .sides, v ii, will conliaci, while 
the top, c, and the sole, n, will be nim h 
less alTected. 

The selection of (be oidside of the 
tree will assist to lessen the coiitiaclioii, 
as the angle, of inidmalioii of the medul¬ 
lary rays is mit so apparent as liiither 
in towards the heart. Although the oiit-ddc of the tne should 
be chosen, no sap-wood should lie taken. 

Of course (he very best seasoned bodies may occasionally get 
untrue on the sole from sbnnkage as well as from wear. 

'J'hey must then be n -shot and be well nibbed with linseed 
oil to prexent fresh shiiiiKage. 

The escaiieraent of the [dane, is a V-.shaped mortice, with 
one nearly upright side towards the front of the plane, and the, 
other sloping at 15’ to the face. 

In,tlps is cut anothor shallow mortice, to "liold the head of 
the screw of the caii-iron, and allow the cutting iron to he (lat on 
the back portion of the escaiiement. , 

The sides of the moitice, as will be seen in lig. 52, are nearly 
upright, a diminishing slpt in both sides at the back giving a 
shoulder to hold the wedge in. The Wedge is tlie'iin aiis of bold- 





102 


MANUAL INS'TRUCTION- WOODWORK 


ing llio iron tightly in its place. It varies in shape in clifforeiit 
l)lancK, hut that given in lig. 53 is the general form of the wedge 
of the jack, trying, and smoothing planes. The points should 
ho ke))t sharp, to pre\ent shavings from catching between them 
and the iron. 

.\t the bottom of the mortice is the narrow mouth, which 
runs nearly across the face of the plane. The length and 



Fid. r>‘2. - Plan iiniNortioiiiil rU'ViUum 
of tho ox'jipctiiciil of a |>!ciiu\ 
'J'lio ('lov)ilion i-d I'll \ 11 , iiiid ilin 
pliin slidws in OHO ])Milion llio 
position tit the niouili. 



Pio. 53. 


.breadth of this opening vary in difl'erent |)lanes, hut, generally 
speaking, the narrower the mouth the more accurate will bo the 
work performed, as the sole of tho plane under pressitra holds 
the wood down and prevents the splitting before menlioiied, and 
tho closer'tho face of the plane is to the edge of the iron, tho 
more effectually is this done. In short, wdien the iron is in its 
place, ready for use, only sufficient room should be left for tho 
shaving to puss through. 
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Wlien a plane is le-sliot, t.c., [ilaiicd line on tlie fiu'e nfliT 
wai'ping or wearino, tlic mouth iieoessai ily Ijecoines wider, anil 
if tho operation of re-sliootiiio ia repeated Moeral times, (he 
lilane must he re-mouthed, 't'o do 
this a lueco of ho\wooil or heeeh, of 
tho shape shown in lie. .rip ja |, t, 
into the fai-e, hut it i.a advisahle 
to liaue sueh a task to a tool, 
maker uule.s.s the teacher i.s \ery 
skilful. 

These oeneral characteristics of 
planes do not apply of couise to those 
intended for .special and peculiar [uir- 
poses, like the moulilnio plane, rehate 
plane, hull nose, ]douoh, chaiiot, llllister, and otlii rs. These 
planes, thoueh made on the sami' piiiiciplea as those, used in 
this course, are rcijuired only hy workmen. As they are not 
necessary for manual instruction, this work has not lieeii Imrdened 
with a description of their details. 

The i^reat point of ditference helweell them and the kinds 
hero I'eipiired, howecer, i,s in the hull no.se, chariot, and Hhoiilder 
plane, and consists in the turnine over of the iron, so that the 
face is downward.s when in use, and in these no cap-iron is usec^ 

Tho iron in these planes is placed at a very acute an^le to 
tho fac», only 15“ to 20°. This would he •'uipossihle if the hack 
of the iron were down, rememhcrino that thouoh the iion in 
these planes ha\c a somewhat liner Cittiii;^ anple, it is Htili 1)0'. 
The cap-iron is not reiiuired, hecaiise the mouth is so narrow’ 
that splitting is practii^illy impossihic. In these sjiceial plaiic.s 
the mouth is somelimes A of an inch in hreadth, or evi n Ic.sb. 



I'M r>l ritvii ;in«l ^r. tioii of 
rt: iiutulln'ii jtltiiii'. 
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The Jack Plane CT)) Ih UM'd for tlus lirst dresbinj; of 
timber, l)ut vvitli tiirc, il cim beeoiiie the iiiHtruiiient for liner 
work also, especially if the wood opcj'ated on hi! originally fairly 
even in surface, and the iron \eiy shiirp. 

The body of the [ilane is usually about Ih j ins. long, !! ins. 
wide across the face, and :(.{ ins, deep. The iron !s2[ ins. wide. 

The mouth of the plane is about ot ins. hack Iroin the 
front end of the block, and is about of an inch wider than the 



iron that iits it, making 2,'',, of an inch. This leaves '|.Vof an 
inch on each side of the mouth for tlie sides of the escapement. 

The illustiations show the general sha|ie of a jack plane. 

The handle, or lo.it, should he mortised inlo the body well 
(lyrward near the hack of the iron, in oidei' that the downward 
pressure of the light hand that holds it may he nearer to the 
cutting portion of the'tilam', and therefoie have more poiref. It 
will he found, loo, that if the handle is set further land; in the 
block, the haid; |)ortioii of the hand cannot lii' comtortahly im 
the top of the plane. The bent form of the handle is useful for 
either pressing downwards and forward.sv or for hfling the plane, 
which is often neees.sary to cut or laeak a sluuing. The projec- 
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lion at lilt,' ti)[) of tlie liaiulU' is also of niikh .issislaiur m tin, 
liftin;' of tlu' jilaiif. 

Tlio cap-iron is inner set liack from the cdc,. of Ih,^ c iiHm^ 
iron inor(‘ than to ^ of an imh, ami llns lalhr is nmci 
allowed to project more than of an inch liom the face. 

Jack iilancs for hoys should be sliehlly smaller Ilian those- loi 
men; the dimensions aie Ki ins. lone by oi wide, with a 
‘2-in. iron. 

Trying Plane die. riii). This jil.iiie is Imieer and laieer than 
the jack plane, and with a soimwliat wider iron, it i.s used to 
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linish the surfaces of timber which are leipiired to be \ery tiiie 
and straiydit, after (he jack jilane has rc-diici-cl them to a fairly 
level surface. * 

Thu jack pligie in doine this would he iised^with the iron‘set 
coarse-,’^ind would be ecu ri s|)einiliiie|y ra|'ii(l in its aetioii, but 
could not be e\[)ecled to linish smooth, and, not heme so loi;e, 
would not juoduce siieii a sli.uelil surblee as the ty\ine plane. 

The iron of this jihuie, as it is reepimed for line work, should 
never be set out more Hian eif an inch, and usually much 
less. The cap iron should he set eejually line. 



io6 MANUAL IN.rrKVCTION IIVODU'OA’A’ 

The (liiiieiiHioiifc) of the oi'dinary trying; plane are 22i ins. 
lone, :H ins. across the face, l),j ins. (Icej), with 2!-in. 
iron, t'or hoys, the dimensions shonld l)e reduced to 20 ins. 

lon^', I! ins. across the face, ;)] ms. 
deep, wdli 2[-in. iron. 

Smoothing Plane (lig. 57).—In 
ease the surface of a piece of wood 
should not he smooth enough, even 
after till- jack |)lane and trying 
plane lia\i- la-eii used, the smootli- 

,, , ing iilane is resorted to. 

I'lo. .07. ' 

In M-ry line work it is always 

ni'ci'Ksavy to use the smoothing plane to linish, for it is not 

jiossihle to press down the longer jack and trying planes siiili- 

eiently tight to get smooth surfaces. Tlu-v are, inori'over, not 

so limdy sot. and have not siicli narrow months as the smoothing 

plane. 

The latter, which is only 7) ins. to H ins. long, with 21-in. 
to 21-in. iron, can he pressed down, as might he imagined, 
nilieh closer to tlie wood, the force not heing s|>read over such 
a large area as in the larger planes. The sides of this jilane are 
curved to assist in holding it. This is the more useful and 
4 jssential, as there is no handle on toji to hold. 

The irons, wedge, and escapement are the sjme in principle 
as in the larger plane*,, hut the iron is set invariahly as (firely as 
possihle, with the cap very close to the edge, the shaving to bo 
l>roduced lieing as tine asisilk. 

Sometimes, to get additional .accuracy and weight, smoothing 
planes are made with iron faces, and even wholly in iron. These 
faces .u'c in two' tonus. 
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In one, tliu \vlK)le of the faeu consihts of one plate, wliieli la 
screwed on, the screws beiiiT; countersunk, and the holes lilled up 
lc\el with the plate by ruuniiif' in niolteu metal. 

In the other, only the portion in front of the mouth is of 
iron, and in this case it is held in position by a screw [lassiut; 
throne'll the top, as in tlo. ,')8. 

There is a slot in the back of the iron face, as shown, which 
takes tlu! flat end of the screw, and permits of the position of the 
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facrtw bolt’, pi.Ill of lie.Ill ami cap, ;iml plan of iiun faco. 


iron beiiif; altered when it becomes necessary, by the uneipiaj 
wearino of the iron and wooden portions of the face. 

Thtjpe .planes arc particularly UBcl'nl, in’ finisbino up the 
surface of hard woods, and one should be found in every manual 
training class room. ^ 

Boys should use slightly smaller planes than men, the dimen¬ 
sions recommended being tij ins. to lii ins. long, with ‘2-in. 
iron. 
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The Rebate Plane (fig. 5',)).—Tliiw plane is used for cutting 
rebates or steps on the edge of a piece of wood, or grooves in the 
wood at a distance from eitlicr edge. 

It varies in width from | in. to ‘2 ins., but that used in 
this course is IJ in., and this siiie, or a little naiTower, will laj 
found tile handiest. 

The great peculiarity of this plane is that it is skew-mouthed, 
i.i'., the iron is set ohliipiely in the iilane as shown. The cutting 
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of the iron has consequently a shearing action, which oliviates 
the risk of splitting the tiniher in the diri'ction of ihe lihres. 
y 'The angle of the edge of the iron to the side of the Jilane is 
usually 7.5° to 80°, and the more the iron is skey.ed Ihe clciincr 
it cuts. The angle' slstnld not, however, he less than Tr)°i 

'I'ho reason the larger planes are not constructed on these 
lines is, that it would ke itnpossililo to use them on an open 
surface with a straight stroke, ,as the large iron would, if placed 
ohliipiely in the plane, cause it to sweiwc in its forward course. 

The risk of Splitting the limber being avoided by the placing 
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of tho iron, tho noeossity of tlio eap-iron viinisliOH, tend it is 
accordingly never seen in this (llano. As tho rehate (dane is to 
make rebates or grooves which will ho regulated partly hy llw 
straightness of tho side of the plain-, tho iron must cut on 
the corners, and the corner of the iron must of coursi- coincide 
with the angle of the, sides and face of the [il.uio, or riithcr pro¬ 
ject out from the side very slightly, in order to iiialo sine of its 
cutting well up to the side of the desired rehate. 

As the entire width of the (ilane is taken up at tin- hottoni 
hy the iron, the latter is made nnich narrower at the toji, to lea\o 
Huhstance for the ‘ cheeks ’ of the (ilane. 

The iron, sha()ed as in tig. at), is (ilaced in from the hottoni 
and the wedge is driven in from the lop. 

Tho csca()cnient of this (ilane, like the si-t of tin- iron, is [leeii- 
liar. The front side nialn-s a very small angle, ahout .'"i , with the 
cutting edge of the iron. This assists in hieaking the shaMiig, 
and in a measure replaci-s tin- ea(i-iioii. 

The esea()eiiieiit lerminales in a senheircnlar hole which is 
larger on one side than the other, i nahling the curly shaviiigH to 
coiiliinially work out to the side of the plane. 

ijcading planes, hollows, rniiiiils, moulding planes, and many 
lillisters arc constructed on the same (irineiplea aa the rebate plane. 

The Spokeshave (lig. hO) is another form of plane used for 
modelling curved snrfaei s and edges. 

The most eo’mmon Kind in England has awiJodeii stockof beech 
nr box-wood, formed into a handle at each end. The face or sole is 
curved from hack to front, and generally straight froui end to end. 

It is narrow, in order that it may (lass over ihe curve witli 
greater ease, and also, in cutting a concave curve, to assist in the 
formation of a regular surface. 
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The tool is made in all'siiios, and the curve of the soie varies 
greatly, in order that they may be suited to many forms of 
curves. The ends of the blade are turned over, as in fig. Of, 
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and finish in two square tangs, which pass through tlie stoed;, as 
shown in fig. bO. 

Tlie tangs hold securely, the ends showiiig through on the 
top of the'tool, but a blow on the end of either tang will drive 
the blade further from the sole. The space between the sole and 
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the blade may bo regulated in this way, and asyi consequence 
the thickness of the skaving also. « 

The cutting angle of the blade should be 10° to O')". The 
blade diminishes from che,,back to the cutting edge. 

Some spokeshaves of .\nierican pattern ar(' made with a cast- 
iron stock and steel blade (lig. 02), and jiome have double ii'ons, 
like planes. 
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Iho blade in this pattern is held in place by'a tiuimb-acrcw. 
These spokoshaves are useful, but, like all cast-iron tools, are very 
apt to break if dropped on a bard substance. Tlie wooden 
spokeshavc is recommended as being better and cbeaper, and 
more suitable for a boy. 

The Router (llg. 6;i).—This tool, frerjiiently impror ised, is used 
for many purposes, and is accordingly made with every kind of 
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blade. The particular router illustrated in fig. Oil is intended 
to reduce depres.sed portions of work to a level suii'ace. 

The router is akin to the planes in principle: a stout single* 
iron (usually a ^)ieco of a broken chisel) is pk-iiced in a morti<'e 
through a block of wood, and, projecting as it does .some distance 
beyond the sole, it scrapes as it were a fairly lev(!l surface in a 
place which is inaccc.ssible to a plane. 

Another form of roui(‘r, which is very easily made, is shown 
in iig. 01. 
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HASPING TOOLS 

Saws.—Saws are used to cut timber l)oth across and with tlte 
grain, witli the sinallcst possible amount of waste and the greatest 
econotiiy of power. 

A simple cutting edge, lihe an ax(', or a chis(d, can only be 
used across the grain with great exertion ; and owing to the fact 
that these tools cannot, by any possibility, be used at any depth 
below the surface, without steps being talien to remove tlu' 
damage<l and bent iibrea on each side of the cut, in order to 
make a fresh attack on the timber, great waste of wood arises. 
Even when, by the agency of a cdiisel or an axe, a piece of wood 
is separated across tlu! grain, the ends of the two portions are 
not by any means level, and will nspiire a great d(>al more ellbrt 
and some waste, to render them triu; and level. 

It is clear, therefore, that some, instrument is necessary 
which will make at the commencement a cut wide enough to 
admit the entire blade, and which can operate at any depth in 
this cut. The saw fulfils this requirement. A Buccession of 
teeth are cut out of the smooth edge of a plate of steel, and, when 
rubbed across the wood, cut or break the fibres in contact with 
^them, somewhat in the same manniu’ as a file. The waste 
timber is, of course, pushed along by the succession of teeth, 
and tlie small particles of wood are carried out at each end of the 
cut at every stroke, the saw gradually sinking into the wood in 
the direction of the planes of its surfaces. The guiding of the 
tool, in order to ensure a true cut, which is straight in its length, 
and leaves an even surface on each side when the cut is finished, 
is clearly an important pohit, and stability and weight in the 
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saw lire also requisite. To meet tlu'se requirements saws 
intended to cut large pieces of timber are long and deep. Tln.s 
evenness of the surf.ice of a saw is so important that the slightest 
‘ buckle ’ is a serious defect, and if badly crippled in this way 
the tool is useless, the saw always being liable to double up in 
use, and never cutting freely. 

Each tooth is subject to gri'at strain in its forward movement, 
the degree of the resisting juessnre varying witli the density of 
the material to be cut, the amount of pressure used in sawing, 
ami the speed of the movenumt. 

Now it is clear that the front edge of the saw-tooth, if 
inclined towards the front of the .saw, as in fig. 05, will cut faster 
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than if ujiright; but those teeth have a weaker base than those 
with a less acute angle, as in fig. 00, and are, therefore, more 
liable to break. Moreover, teeth of this kind have a con¬ 
stant tendency in use to sink into the material, clogging the 
spaces between the teeth with the destroyed fibres of the timber. 
On the other hand, saws which have teeth like those in fig. 00, 
are apt to rise out of the wood, and reijuire constant downward 
pres8ure»to make them eut. « 

On the whole the teeth of all saws fur use in entling with 
the grain will be found to work best if the front edges are nearly 
upright, and the backs are inclined to the surface of the timber 
at a rather smaller angle ,as in fig. 07. For sawing hard woods 
and across the grain, the front edge is still more inclined. The 
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angle of iiK^lination of tlie liacli of the teeth is rognlatocl by tlie 
degree of stability requisite for them, and by the amount of 
space necessary between each tootli 
for the accumulation of the saw¬ 
dust. 

'riius in the riiqdng saw the teeth 
are usually like those in fig. 70, tor, as this saw cuts faster than 
any other woodworking saw used by hand, the amount of saw¬ 
dust made is eomincnsuralely greater. In this case, too, the 
resistance being generally slight, teeth are not wanted so close 
together as in saws intended for other pinqioses, where the strain 
is much greater. Another important characteristic which will 
be noticed in e.xaniining any saw is the lateral bending of each 
tooth. It will be observed that they alternately project to the 
right and left, giving a double line of cutting points. 

This ‘ set ’ to the teeth makes the path of the cut slightly 
wider than the thickness of the saw, and enables the blade to 
slide freely, minimising the friction and heat of the sawing. 
Indeed, it the teeth were not ‘ set’ at all, the resin and other 
substances in the timher, and the natural pressure of the rough 
ends of the bent libres, in their attempt to regain their original 
jiosition, would, after very little progress had been made, cause 
«ui almost comiilete stoppage in the sawing. There would ho 
great risk of buckling the saw, too, when this difficulty arose. 

The wider spaee'ohtained by the setting of the teeth for tlte 
clearing of the sawdust is another important reason for bending 
the teeth slightly. The umouut of ‘ set ’ should not he "too great, 
as the work is unnecessarily increased, and the tendency to de- 
•tiation. from the direct course of the >sawing would be greater. 
Proceed'ihg wit'll the examination of the teeth of tlie saw, it will be 
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noticed that the front of each tootli is hliarpcnod like a cliiM'l 
on the outside cd^c, and the inner corner of tlu; point is thus 
removed. 

Fig. 68 showa the shape of this sliarixmed tooth, and also 
tlie ‘ set’ usually given, tn actual sharpening, the lile also re¬ 
moves a small portion of the back edge of the preceding 
tooth. This is not re(piisite but is unavoidable, and 
only has the effect of assisting to make the points of I be 
teeth. 

Now the points of the teeth serve to hel]i the saw in 
entering the wood, and the, points anil eliisel-bke front edges 
arc almost essential to the cutting of the teetli in the forward 
stroke. 

The angle at which this front edge should be sharpened 
varies, but all saws, even for the liarde.^t woods and to overcome 
the greatest resistance, should have this chisel edge. It may bo 
taken generally, however, that for soft woods, and with the grain 
where the saw would cause much sawdust, which must be 
pushed out by the teeth, the angle may he less acute than for 
harder woods and across the grain, where line-edged teeth are 
required. 

Stiws are made of many shapes to fulfil particular conditions; 
and neither makers nor workmen are at all agreed as to tl»; 
particular shaj^e, set, or Rliarpciiiiig of the teeth; hut all thrust- 
saws f(tr use by hand have some common l•llaracteristics. 

' The hole for the hand should he of such a shape as will 
easily admitall the lliigcis, and allow them to grasp the handle 
well and easily. 

The handle should l«i fastened to the blade at such an angle 
that a line drawn from the point of the front cutting tooth 
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througli tho middle of the handle will cross the hole for the 
fingers at right angles. When held in the hand a saw should 
be balanced in any position, except that which it is held in 
when at work. In this position a much heavier weight will 
appear to depend from the handle, and this it is always desirable 
to obtain. 

The riveting of tliC handle to the hlado is a point of great 
importance. 

The handle must be parallid to the plane of the saw edge, 
and tho riveting must he very secure, as if it is at all loose, the 
defect will rapidly become much worse and spoil the saw as an 
effective tool. 

If the blade is made to (piivcr, defective riveting may he 
discovered by a alight jarring sound coming from it. A good 
saw will give out a clear, full sound if the blade is bent and then 
suddenly released. Tho blades of all saws should be thin and 
of a dark colour. Those dark-coloured saws are usually found 
to he well temi)ered, as are also those with a greasy appearance 
on the surfaces of the blade. 

Thick saws are giuieially too soft, and though it is difficult 
to ascertain before purohas(', too highly-tempered saws will 
not he found the best, as the laiiiitsof the teeth arc liable to 
Ic’eak off on encountering any hard substance. 

A very common test of the temper of a saw, however, is to 
bond it at least a foot'from its natural position, but this i% by no 
means reliable, and is hainifnl to the saw. 

Rip Saw (fig. fii)). This saw is n.sed almost exclusively for 
sawing with the grain, for whieli purpose it is specially intended. 

The blade should ho 2(5 ins. long, and the back and cutting 
edges should taper somewhat; the amount varies, but tho more 
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the blade tapers the better, provided the saw possesses (be other 
^ more important (pialilieatioiis already 

A — ^ desei ilied. 

Hiii'n *" *'*P 

ii; the blade sliould not he tliiek. 

-^ 'I'ho teeth of this saw should Ik' as in 

V iiii!| lie. 70 . Tliere are oeiierall\ about three 

' jj?''' 'I and a half to fe.iir teeth per iiudi, and the 
'I throats are deei>, to allow of the aeeuuiula- 

ili'li's It is not 'often that boys are strorsR 
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22 ins. 
end, ib 


enoueli to use a ri|) saw, but if tliey can, 

l||i|y 'lland Saw.—Tlio'haml saw is used for 

sawing across the grain and for general 

purposes of many kinds. It is similar in 

• general (dairaeU'r to the n;) saw, hut a* 

intended to overwxne greater I'esist- 

* anei', it is shorter amf not so tapia'ed. The 

ifsllie dimensions are 'i t ins. long, 7i ins. deep at 

i^Jn, liaaidle, and al the taiiered end, I! ins. 
Fi(i 09. , , 

For boys, however, a smaller size, of 

long, !) ins. deep at the liandle, and it ips. at the otlier 

recommended. 
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•Tbe teeth of tluH saw sliuuld be similar to those in fig. 71. 
They are strong, and tbe front edges sbould be sbarpened so as 
to give blunt cdiisel edges, a.e., inclined 
to the face at about 80 and some¬ 
times, for rough work, they are even 
made s(|uare. 

The ‘ set ’ should not be coarse, 
but this, again, depends very much on the nature of the work to 
be done. 

Panel Saw.—This is similar to the hand saw, but shorter, 
thinner in the blade, and with smaller tedli, very llnely ‘set. 

The purpose of this saw is for cutting through pieces 
of timber, where it is important that a line cut should be 
made. 

The teeth are a compounded form of those of the half-rip and 
hand saw. 

Tenon Saw.—-This saw is for a similar purpose to the panel 
saw, but it is not intended to cut such thick pieces of wood as 
will necessitate passing the whole depth of the saw through the 
cut. The blade is made tbinner, ensuring a finer cut, and has 
very great stability imparted to it by the strong stiffening rib of 
steel or brass down tbe back. This is called a spring back, for 
jt is curved very slightly from end to end, exerting a slight pulling 
strain on the tooth edge directly from the back, and making the 
blade stiffer when'in use. t 

The best quality of saws are finished by the makers with 
brass backs, the inferior gnes with iron. The brass is not merely 
ornamental, as its increased weight is very valuable in this saw. 
Chiefly because of their better quality yiore pains are taken in 
their finish in every particular, making these brass-backed saws 




TOOLS 


"9 


very much more expensive in first cost, hut more cconoinical, liy 
reason of the great wear tliey will stand. 

The teeth of the tenon saw ai'e small, about eight or ten to 
the linear inch, and have shallow throats. Their general shaiiu 
is similar to the hand-saw teeth. 

The closing of the brass back is almost invaViably better 
done by hand than by nuudiiue. khicbine-closed baidis do not 
usually clasp the blade (juite thoroughly, and gradually the sa,w 
will slip in the back, and very possibly the rivets in the handle 
will bo cut partly through, rendering the saw- nnservieeable. 



The usual dimensions of tenon saws in use by carpenters are 
14 ins. to 10 ins. long, 2^ ins. to tij ins. deep, with ten teeth to 
the inch. • 

The Dovetail. Saw is really a small kind of tenon saw, with 
very tm% teeth for executing small work. • 

For all manual training purposes, however, the saw in fig. 72 
will be found sufficient to fdl the jiaec of tenon saw and 
dovetail saw, with a corresponding saving of exiienso. The 
handle is similar to that» of the dovetail saw, but the blade is 
longer and deeper. 
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The most convenient size is that shown by the dimensions 
in the illastrntion. 

Bow Saw (lijn 73). 'I’liis saw is used to make sharp curves, 
and 001180(1111 ntly very little substance from the teeth to the 
back of the saw is allowable, or it will not go smoothly round 
the line of cut. The difficulty of giving to so weak a blade the 
necessary stiffness is overcome by the peculiar frame at the back. 
The saw blade is fastened into the projections from the handle, 
Hiid the opposite end by small, easily detachable rivets 



The string at the back, when twisted, contracts in length, 
^and pulls in the lops of the bowed ends of the frame, and the 
lowi'i- ends of tlmso are ]ir(>ssed outward, the rail in the middle 
acting as a fulcrum f the lilade is thus kept continually ill tension. 

The handles containing the extremities of the blade can be 
turned in their sockets,' rendering tlic saw much handier than 
would otherwise be the case. 

The blades of these saws are in'various dimensions, and 
pre.seiit the rather characteristic feature that they are ‘ free ’ from 
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tooth to hack, i.c., diuiinish in tliickncss, so that tlio Bcclimi i.j 
almost triangular. 

Tho teeth should ho as fine as those of the tinion saw, or 
even as small as in the dovetail saw, and should be iisial viiy 
finely set. 

Files are for wearing off the subslaneo of wnik wliero 
chisels, gouges, or spokeshares cannot be used, for shai |h ning 
tools, and various other purposes. 

The mechanical principle invohcd in the constniclion of all 
files and rasps is very much the same as the saw, the only diller- 
ence being that the space operated on hy the file is generally 
larger, and this tool is only used for ri diicing tin; surlace at a 
particular place, and not to rasp its way entirely through. Tho 
teeth are parallel oblique, ridges raised by the blows of a sharp 
instrument, and sonn.'times other [larallel obli(|ue ridges in the 
opposite direction arc added, giving niinierous front culling 
angles as well as two scis 
of inclined cutting edges. 

These are ‘ double cut ’ 
files, and are giuicrally in 
use. The teeth of most 
ordinary files are similar 

to those in fig. 74. _ • 

The action of the instrument which raises those ridges, how¬ 
ever, liiis a tendency, as w ill he seen, to .till’ll over tlie points 
slightly, and an ingenious sharpening process, by the wearing 
action of a shower of fine sand in hot^ water, has been recently 
introduced to give the ridges cleaner edges. The dotted lines 

show the effect of sand blasting. 

The 10-ill. half-round, the 8-in. square, and 8-in. round bastard 
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(fig. 76) are the varieties which will he fouiiil to he all that is 
iKicessary. 

The hand-saw file iiiKjlit he used, hut. unless the teacher is a 
very competent man indeed, he would do well to leave it for a 
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skilled workman; only very 
satisfactoi ily sharpen a saw. 

The hand-saw tile may, 
special circumstances 

BORING TOOLS 

Brace and Bits.—These 
are inseparahle horing tools. 

The brace (fig. 77) is of the 
American pattern, with ad¬ 
justable screw socket, hav¬ 
ing jaws to take any con¬ 
venient sized rectangular 
shape. 

The section of this socket 
in fig. 7^ shows the threads 
of the socket, and it will he 
seen that the further the 
outer casing is screwed up 
the tighter will be the gidp 
of the jaws on any object placed 


few of even gooil workmen can 


however, have to he use<t in 
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etwceii them ; in this case 
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a portion of a bit is shown held firmly between the jaws. 
Enough of the thread of the inner screw has been removed in 
this drawing to enable the reader to see the rivet which holds 
the jaws together. This rivet is only fixed tightly into one jaw, 
and in the other the slot which takes it is rather larger, so as to 
allow the necessary ‘ play.’ 

TirO inner screwed socket is made with an ‘ interrupted 
thread.’ A slot is cut out of each side wide enough to enable 
the jaws to open, though the threading on the outside runs as 
evenly as if the gap did not exist. 

The shape of the inner socket, then, is circular at the top, but 
finishes at its lower ends in two threaded cheeks. 


These are necessary to prevent the outer socket slipping round 
without turning the bit, and to give the requisite stability to 
P~_. the remainder of the thread. 

Eig. 79 shows the shape of this slot, with another 
p *-4 view of the jaws. 

The brace is used by continuous turning to 
the right, and the twisting strain offered by the 
I I resistance of the wood or other substances bored 

* is from right to left, and in the direction of the 

threads on the socket. 

^ The action of boring, then, can only have the 

Tia 79 -Sido tightening the jaws in their grasp on the 

elevation of bit.* * « 

jaws. The bits for use in this brace, and of which 

a few coiijmon varieties are shown in fig. 80, are 
very distinctive tools, although something of the characteristics 
of the file, knife, and chisel are introduced into them. 

The continuous si>iral cutting action about the same axis, 
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which is the iieciiliar feature of all lioring, is ahsi'iit in all of the 
cutting tools mentioned. The Centre Bit, A, is a hind in very 
common use for woodwork. The cutting end consists of a 
central pin, and at some distance on one side is an arm with a 
vertical cutting edge. This arm, in tlie twisting action of the 
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brace, cuts tlu! outlim' of a circular hole, which is deepened as lh% 
operator pri'ss.'s the top of the tool. 

On the opposite side of the central ‘|)in is a, Hat cutter, 
which pares out the waste wood liy a circular Khi'iiring action, 
Imt does not operate at ipiite the saifie dcptli as the vertical 
cutter. 

The Pin Bit, B, is used to bore deep holes, and is very fast 
cutting. It is like a gouge in shape, and the long*grooce permits 
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the ‘core,’ as the waste wood is caHed; to continually work 
upwards. 

The Shell Bit, C, is lilie the centre bit in principle, only there 
is no central pin to assist in steadyiiif; and keeping it in its 
proper course. The sides of this gouge-lilcc bit are of assistance, 
too, in the boring, as they are brought to a sharp edge by the 
maker, though, from the difliculty of sharpening them, they are 
cia'tainly allowed to get dull in use. 

The Screw-driver Bit, D, is similar to the screw-driver in use. 
When a large number of screws have to be put in, it is more con¬ 
venient to use the brace in preference to the more laborious and 
time-taking screw-driver. The screws can, moreover, be turned 
in better and more ell'ectiiallv with the brace. 

Forked Screw-driver Bit, E.—Sometimes screws which have a 
rivet in the middle have to bo put in, taken out, or tightened, as 
may perhaps bo necessary to the riveted screws in sawJhandles, 
and this bit will then prove W'ry useful. 

Kose-headed Countersink, F-— This bit is for making«hallow 
conical holes, and is the best kind for use in brass. 

The Flat Countersink, G, and thi‘ Snail Horn, H, are for similar 
use in iron and wood respectively. 

The Square Rimer, |, is used to enlarge already existing holes 
j in brass or iron. 

The Gimlet (fig. 81) is another kind of bit which is much 
used. The poinl is.spiral, similar to that of a screw,*and the 
latter portion of the stem hollow, to admit the destroyed wood 
libres. It is used for .making holes for the easier insertion of 
screws. 

The Twist Gimlet (fig. 82) is a bettoy kind. It cuts faster and 
cleaner, and clears the waste wood better, lieside.s making a 



TOO/.S 


127 


slightly tapered hole. Ease in cutting saves the risk of the 
tang wearing the S(piare hole in tiro luiiidle and loosening 
itself. 

The Bradawl (lig. 8d) is a more primitive horing instrument, 
hut none the loss useful. 

By pitessing the bradawl into the wood, and so cutting and 



crushing without removing the adjacefit fibres, a hole is made 
for a nail, rendering tlie lalionr of liannuenng easier, and decreas¬ 
ing the liability to hrealving or licnding the nail. 

American liradawl pad|, are sometimes sold in w'liidi the 
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Fig. P4 


blade is detachable, on the same 
principle as the brace and bit, 
■’*1 but they arc not necessary, and 
are expensive. 

DRIVING AND 
HOLDING TOOLS 

The Hammer S4). —The 

general appearance of this tool 
is I'aniiliar. 

The kind reipiired for the 
work of a niannal training room 
is the oidiiiiirv carpenter’s ham¬ 
mer, as in the illustration. It 
should not be very heavy—about 
No. ‘2 or H. The head should 
be well balanced on the handle. 

The pane, as the back pro¬ 
cess is called, is very useful in 
straightening nails when bent, 
and in many ways which fami¬ 
liarity with the use of the tool 
will ti ach. 

The face should be of steel 
welded on the iron bdcly, but 
hammer-heads made entirely of 
steel are very common. In any 
case a good hard face is wanted. 
'Ihe sh'ape of'^the handle is im¬ 
portant. When held at the 
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extreme end, a good easy gi'ip should be obtained, tlie length 


being not less than 1 foot. 


Through the outside (if the hammer- 
eye, a wedge is driven to tighten the 
handle. 

The Mallet (lig. 80 ).—This is a 
kind of wooden hammer, and i.s 
used to strike anything which the 
hammer would injure. The whole 
tool should be made of beech with 
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twisted fibres. The iwirtico should dinnhiish from the top 
of the head, as in fig. 80, and in putting the handle into the 
head it is passed through from the toj). The reason of this is, 
that in the swinging blowg administered with the mallet, the head 
would naturally tighten by the centrifugal fore?! of the blow. 
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Inferior mallets are made with round handles. The curve of the 
top of the head should coincide with the segment of a circle, 
having the elbow of tlu: operator for a centre, and the sides 

I should form part of two radii, as shown 

in fig. 8f). 

AVheii in use this aids in giving 
good square blows, and should be a very 
important consideration in 
selecting a mallet. • 

The Punch.—Fig. 87 
show s the steel punch whicli 
IS used to drive tile heads 
of nails a little below the 
suvl'acG, when the project¬ 
ing heads would be ob- 

il'l I'A iS jectionable. To avoid 

■I I ' I slipping, till' point is si r- 

^ I'w 'I rated slightly. 

Fio. 87. r J| Screw-driver (llg. 88).— 

The blade, it will bo seen, 
is a spindle with the point 
flattened out into a wedge. 
It is important, however, 
that this should not be 
sharp, as chipping, both of 
Fid. 8!). the tool and the screws, is 
likely to happen. The 
handle should bo round, or preferably oval, in section, to render 
the twisting movement easier. 

Pincers.—f'ig. 80 show.s the pattern recommended. 
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The uie of tliis tool affords a good o[)|iorluuit\ foi 
tratiiig the principle of lever and fukruin. 

Holdfast (tig. 110).—'I'here are several [)atternh of lliis tool, Imi 
that in the illustiation is as good as any. 

The jieg is placed in a round liole through the toji of tlu' 
bench, and the screw, when it has reached the to[) of the peg, 
not being able, to go further, lifts the arm 1p\ Us 
subsequent action,pressing the iron plate hi nil\ 
on the wood. This swivel plate has tile ad\an- 
tagc of pressing squari' and true on the faci' of 
the wood. It is .smrated to en.suie a linn grip. 

SHARPENING 

The sharpening of tools is necessaiy to iheir 
proper inaiiagenieiit and nse, and ibis is espe¬ 
cially the ease witli good tools, when.: qiiabU 
may be. very iiincli discounted by allowing 
them to get blunt. The practice of sliariiening is useful, too, as 
a means of iiicnlcatnig care and allention on the imiiil; and, 
moreover, iiiiicli evpeiise will be saved In Ki epiiig the tools in 
proper order, instead of sending tlieiii to a pra dical man. 

The sliaiqieiiing of cutting tools is not an ojieration wbieb 
can be satisfactorily jieribnned at a hist essay, and it must be 
borne in mind that beginners' attempts at woodworl; wi^ 
result yi moi'e damage to tools than tli^' htii- wear resulting 
from their use by experienced men. 

We will lirst consider the sharpening of toots with simple 
cutting edges—plane-irons, chisels, fvc. 

If a tool has heeii slightly dulled, it is shiu jieiied hy rubbing 
on a stone. • 
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The choice of a stone is a somewhat perplexing question, 
arising from the great variety in the market. The best stone 
for general purposes is the Washita, or Ouachita. It is of a very 
light grey colour, almost white, and, in choosing either this or 
any other stone, a good even colour and texture, with an absence 
of veins, flaws, or shells, should be looked for. This stone should 
be quick cutting in its action, and its quality in this respect may 
be roughly tested by running the edge of a finger nail down tho 
surface once. If a good stone, the nail will be noticeably worn, 
and on the stone itself a very slight impression should be made, 
a fine hair-like scratch appearing. 

Tho Turkey stone is an exceedingly good kind, but not so fast- 
cutting in its action as tho preceding. On the other hand, it 
gives an even finer edge on tho tool; it is of a creamy, opaque, 
yellow colour. 

Tho Arkansas is a fast-cutting stone, and gives an excellent 
edge, but its price is quite prohibitive. 

Stones are usually about 8 ins. to T2 ins. long, by 2 ins. to 
o ins. wide and thick. 

To assist in tho cutting of a tool edge, oil is poured in small 
quantity on the stones. Oils of various kinds are used, but tl e 
best will bo found to bo olive, or ‘ sweet,’ oil. Tho reader should 
on no account use paraffin (except, perhaps, occasionally for 
* cleansing purposes), as it has tho effect of hardening, and so 
decreasing, the witting power of the stone, for it must pe borne 
in mind that the softer tho stone the faster it cuts. 

AVhen not in use the oiled surface of the stone is very apt 
to accumulate any foreign gritty matter which may be floating 
in the air, and which will wear both iron and stone unevenly. 
To prevent tliis occurring, the stone is set firmly in a piece of 
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wood, and a lid is made to fit over it, wliieh should invai iahly lie 
put on when the stone is not in use. 

Plane-irons and chisels, when new, are ground on the hack at 
•if)" to the face, but the sharpening angle is usually about Ho , 
and, in sharpening, the iron must simply bo held steadily in tlm 
position, as in fig. 91. 

To do this properly is, however, a difficult operation, for the 
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most trifling deviation from the angle of 5(5° will make the cutting 
angle of the iron slightly round, instead of qiiitij flat. 

As t&e substance of the iron wears ifway from freijuent 
sharpening, the extent of this flat surface becomes larger, and 
the difficulty of keeping it perfectly flat becomes greater. 

In rubbing the iron on the stone it must be remembered that 
it is as important to wca. away the stone evenly as it is to hold 
the tool properly, for if the surface of the stone becomes hollow 
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in the middle, it necessarily makes round sharpening edges on 
the tools, instead of flat ones. 

In shar[)ening, and especially on fast-cutting stones, the 
extreme edge is not entirely removed, but, owing partly to the 
pressure on it, and to the slight resistance to the forward move¬ 





ment offered by the stone itself, a very small portion is turned 
up, and when examined this ‘ wire edge ’ will be visible, though, 
f/erhaps, the iron may be quite sharp. To remove the wire edge, 
turn the tool flat on its face, as, in tig. !1'2, and rub it two or three 
times along the stom'. ' 

It is of the utmost importance that in doing this the face of 
the tool should be quite flat on the stone. If necessary, after 
rubbing on the stone in this way, the sharpening may be finishcal 
on a piece of buff leather. • 

Sometimes, to finish the removal of this wire edge, the tool 
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is stropped in the palm of the hand, but this praetico is obviously 
very dangerous, and should not be taught. 

A dangerous method of testing the keenness of a sharpened 
tool is to rub a finger lightly across the edge, but this should on 
no account be permitted. As a rule tlu! best test is a eiirel'ul 
scrutiny of the tool, when, if the edge is visible in a line sliining 
line it may be regarded as iunHu feetly shurpiuied ; it the edge 
is invisible, it is keen. 

Fig. 93 shows how the size of this sharpening suiface 
increases by the successive removal of layers of the metal. Now 
as this goes on, the amount of 
surface to be kept true in sharpen¬ 
ing increases; and as the stone 
is, perhaps, not absolutely level 
throughout its whole length, the 
sharpening sui'face cannot be, 
rendered quite ilat. The tool 
rapidly gets dull, does not do its work well, and gives more 
trouble in sharpening. It is now regrouud— i.e. the obtuse angle 
of 170'’, formed by the grinding and cutting angles, is removed, 
the (idge of the tool being once more made to 25' as when 
now. 

The grindstone is used for the purpose of re<lucing this 
surplus metal; it is nmeb coarsi'r than the oilstone, anil cuts 
much fj^ster in consequence, esifccially as^it«is revolved very 
rapidly. In order to make sure of getting the, proper angle the 
‘supvport’ is used. The tool is screwed firmly into this instru¬ 
ment, and the operation of grinding much simplified. Fig. 91 
shows this grinding support in use. 

The grindstone recommended is from the Rjlston uuarrie.s, 
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and from 16 ins. to 24 ins. diameter, with 3|-in. edge, will be found 
very suitable dimensions. It should be in a high iron frame, and 
should have both hand and foot power. A trough containing water 
to assist in the grinding and keep the tools from heating and losing 
temper is provided; and, to prevent, as far as possible, the particles 
of wet grit from flying off tangentially from the stone and 
making the user dirty, the grindstone should be boxed in with a 
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high wooden frame, leaving a small segment of tlio circum¬ 
ference of the stone visible. ' 

Fig. 95 shows the grindstone cased in with wood, and in use 
by two boys. The lad who is holding the tool is not using the 
grinding support already alluded to, but an equally good, and 
much cheaper, improvised one. . 

Across the top of tne framing is nailed a piece of wood, with 
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a hole mortised in it. Through this holu the tool to he 
sharpened is thrust, and can be held very steadily while being 
ground. 

Grinding should take place over the whole surface of the 
edge of the stone in order to wear it evenly; but if it should 
become uneven, it can be made true by wearing down the more 





prominent parts against a bur of iron, held lirmly in one 
position.* • 

Stones will get too hard if exposed to sunshine ; on the other 
hand, it allowed to stand in water the stone will become soft in 
one half. The water in the trough should, therefore, be run off, 
after use, through the out’et provided for the purpose. 

Bent tools, like scribing gouges, are not shai-pened on the flat 
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oilstonoH, but are rubbed with a small prepared piece ot Turkey 
or Washita stone, which serves the purpose. 

The slip should be oiled, as in the case of the larger oilstone, 
and rubbed firmly and steadily; and though the use of the slip 
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requires care and experience, no special advice beyond that of 
attention is possible., , 

Fig. Df) shows the method of using a slip. 

Saws are very difficujt to sharpen, and, as before mentioned, 
unless the teacher be an artisan, he had better not attempt it. 
The sharpening will be done at a tool shop or by a practical 
man at a merely nominal charge. 
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EXElinsi'^ I' 


MAIIKINii, S\\\IN(1, ANI> C1II'^1:M.IN0. 

'J',u,E Small try-square, say -11-111. blade; uiarkiii” 

frauge ; tenon saw, 10-in. blade ; ^-in. or ;i-in. liriiier chisel, anil 
the 2-1't. jointed rule. 

Material required.-A carefully inachiiie-sawn piece of wood, 
11 ins. long, 2 ins. wide, and J in. thick, is to he liiiished, as 
shown in lig. 07. 

The preparation by the pupil of his own wood at this stago^ 
is not advisable, as the operation is too dillicult, and the daiigei 
of spoiling timber consequently great. , * 

Measure the wood to test its dimensions, and then proceed 
to make a drawing, full size or to scale, of the completed 
e.xercisc. At lirst only the outline of the plan, side elevation, 
and isometric projection should be executed. This makes a 
picture of the piece of wood as given from three ■asiwcts. Now 



KJillo cltnatioii. 
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I'rom Series IV. 'Hand and Efe Tifiimmi' Cards, bii kind pnmission of M.’ssrs. Cassell d Co., Li, 
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mark off Jin. from one end, and draw a line across the plan 
at right angles to the side. Repeat this to the end of the 
plan at intervals of J in., .and project the lines half way into 
the side elevation. Mark off the isometric projection in the 
same way. 

Care should he taken to impress the pupil with a proper 
understanding of the values of the divisions of the ruh^, and he 
should bo made to add each J in. to the next | in., as he marks 
oftj^ach division, and shown that this equals Ij in., IJin., 
2^*8., and so on to the end. 

Select the better side and the better edge of the wood and 
mark from these always. These arc called the face sid<! and face 
edg(‘, and it will be found very useful to make all measurements 
on the face side from the face edge,, and on the face (;dge from 
the face side. 

This is of great imiiortance and must always be adhered to. 
When once chosen, the face side and edge should be marked in 
pencil, to distinguish them. 

The wood should now be placed in the vice, and the divisions 
marked off on its face side, as in the drawing of the plan. To do 
this the stock of the square should bo held lirmly against the 
wood, and the blade lo pt down with one liiigei', as shown in 
lig. !)8. , 

Having measured oil' the first Jim, commencing from a cut 
line abijiut Jin. from the end, place the poiijt of the chisel at the 
further edge, with the face towards the square. Bring the square 
gently up to the i-hisel and draw lliis^iirinly to the otliea' side, 
making a good clean mt. It will be sc'en that the handle oi' the 
chisel slopes away from the operator in this imnemeut. If 
the chisel sloped the other w.ty, the mark made would be a 
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Hcratch instead of ii cut, and would danuij'e the surface of the 
wood. 

Now take the wood out of the vice, ife-inseit and screw it 
u[) aoai]i with the face edge upwards. 

The next operation is gauging, and the adjiistniint and use 
of tills tool should lie carefully taught here. 

The' gauge is a tool which reejmres to he carefidiv set hefore 

aCJK ••— 



using. The edgi' of the sliding block must he placed at the ro- 
ijuired distance (in this case in.) from the spur or tooth. The 
adjustment of the gauge is not as a rule accurately done hy hoys, 
unless they are properly taught, and it will lie found well to teach 
the whole class collectively to carefully follow flu instructor as 
he manipulates his gauge. , 

The tool should he held in the left hand throughout the 
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the latter on the bench at either end, as required. Measure the 
distance required (fig. 100), and having obtained this correctly, 
secure the block with the screw. Now compare with the rule to 
finally test accuracy before use. 

Having adjusted the gauge, mark a Ime down the length of 
the wood which will be at mid distance from the face side and 
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' back (fig. 101). To do this, hold the block of the gauge firmly 
against the facb side, with the spur lightly touching the wood. 
Still holding it well up, push the gauge to the other end of the 
wood, making a fine cut with the spur. Repeat if the cut is not 
deep enough, but do not make it too deep. 

Now with the chisel mark off lines similar to those on the 
face down to the gauged line, and commencing from the ends of 
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the lines on the face—in fact, a continuation of them on tlio 
edge, but only extending to the gauge<l line. Now take the 
wood out of the vice, and again screw it up with the face side 
upwards. 

Saw off the waste piece at one end and then procee<l to 
saw across the grain along the lines already marked and down 
to the gauge line. Observe the method of holding the saw (lig. 
102), and be careful to extend the forelinger and lirmly press it 
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against the back. Place the loft hand on the wood, as shown, 
and raise the thumb to steady the saw as it enters. A later* 
illustration (fig. 170) shows this better. In sawing a certain 
amount af wood i.s cut away as sawdust. This is called the curf, 
and care should bo taken to make this waste occur in that part 
of the wood which is not wanted—in this,case the grooves. 

The sketch (fig. 103) shows the position, a, of the saw as it 
enters the wood. When once a cut is made, the handle of the 
saw should be gradually lowered, causing the plane of the edge 
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to pass successively through b b till it reaches c, in which posi. 
tion the blade should be kept till the cut is deep enough. The 
dotted lines show that at the commencement of sawing the 
strokes are short, but when the saw arrives at 0 c, good free 
horizontal strokes, using the whole length of the blade, should be 
maintained. 

Short strokes, and forcing the saw too hard, are common 



faults. Of course the saw should be held perfectly upright when 
ill use. ‘ ,, 


Now pare out the waste wood with a chisel. To do this well, 
the operator should stand in a firm position, with his legs, say, a 
foot or more apart, and should lean with the whole of his left 
forearm against the top of the vice. The butt of the chisel 
should press'against the back portion of the right palm, with the 
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fingers holding it firmly and easily, as in lig. 104. The loft haud 
should hold the chisel to steady and guide it. 

After paring nearly down to the gauge line by successi\c 
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[ilaning cuts, turn the wood round in the vice and finish from tlic 
other side. This reversing will be found of great assistance in 
getting the bottom of the groove flat. 


EXERCISE II 

A SLIOHT VWniATTON OF EXERCISE I % 

The»drawing associated with this mod(J is*an excellent one, 
giving a good practical application of geometry to actual work. 

After drawing the outline of the pli^n, draw a square on one 
end of it equal on its side to the breadth of the wood. Draw the 
diagonal of the square and proceed to make lines parallel to it, 
and at a distance of g in. from each other. • 
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To do this.in the way wliich will be found most suitable to 
actual work, set up two parallel lines, a a', from the diagonal and 
at right angles to it. Mark off J in. on these, and join the marked 
points. Mark off all the lines in this way. 

The elevation should be projected from the plan. Isometric 
projection need not be used in this case. 

Having drawn the exercise on i)aper, the wood should bo 
marked out for sawing. 

At the end a square should bo made as in tin; paper drawing, 
but as tlie end is probably not quit(! at right angles to tlio edges, 
a line which is perfectly square is sot out with the try-square at a 
little distance from one end, as at ab in tig. 10.5, and tin's line is 
now considered, for the purposes of measiiniuent, as the end of 
the exercise. Fini.sb the marking as in the jiaper drawing. 

The lines should be cut with the chisel, niaking use of the 
blade of the try-square as a straight-edge. 

A carpenter would use a b(‘vel for this purpose, but tlu! liability 
to fall into the error (if measuring the distances along the edge 
of the wood, instead of on right projectors from successive cut 
lines, is much greater wdien this tool is used than if the edge of 
the square is taken. Moreover, the square is now in a novel 
position—the stock no longer rests against the wood, and it is 
slightly more difficult to hold in a given position, thus giving th^ 
pupil more knowledge of the use of the tool. 
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EXEECISE III 

SAWING WITH TENON SAW.—SIMPLE FACE AND EDGE PLANING.— 
PLANING TO A THICKNESS AND BEEADTH. 

Tools used .—Jack plane, small try-square, marking gauge, 
tenon saw, and §-in. or ^-in. chisel. 

The drawing of this exercise, which should be to scale k. 



need only be made in isometric projection, and the isometric 
scale need not be used. The drawing should be as in fig. 106, 
showing one of the inlaid pieces removed. 

Two pieces of wood will be required for this exercise, one of 
yellow deal 1 ft. long by 2^ ins. by J in., and the other some 
coloured wood, as cedar or sequoia, 8 ins. by 1^ in. by ^ in. 
The yellow deal should first be reduced to the proper dimensions 
by planing. 
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This is the pupil’s introduction to the plane, and great care 
should be taken to attempt the use of this tool as well as may 
be possible. Before commencing to plane, the pupil should he 
taught to take the plane to pieces and set it. The operation is 
simple, hut much bungling will result if care is not taken !<' 
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teach it» systematically. This is another good op))ortunity for 
collective teaching. The pupils should stand facing the bench, 
the plane, with the sole down, being /m the bench, with the 
nose pointing away. The hammer should be placed near at 
hand, on the right side of the plane, which should be grasped 
firmly with the left hand, the thumb being in tile escapement. 
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and pressing on the plane-iron, with the fingers round the side 
and sole, or face. 

The plane should be raised, as in fig. 107, at an angle, and 
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the hammer taken lip, with the right hand holding it at the end 
of the handle. Observe this as an invariable rule. 

Best the head of the hammer on the button of the plane, or 
on the nose if there is no button, and strike two or three sharp 
blows. Take care in hammering always to strike with the whole 
of the face of the hammer, or the nose of the plane will be 
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dinted by the edge. The effect of the blows given will he to 
loosen the wedge and irons, but, if the left hand has held the 
iron and wedge firmly, they will not fall out and damage them¬ 
selves, or cut the operator. 

Put the hammer down and take out the wedge and iron, and 
lay them and the plane on the bench. Hold the iron as shown in 
fig. 108, and loosen the screw with the turnscrew, but do not take 
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it out. Now take the cutting iron away from the back, and if 
necessary sharpen it (see pp. 183-5). Whoa this is done, screw 
up the irons again as tightly as possible, with the edge of the back 
or cap iron about in. back from the odge of the cutting iron. 
Take the plane in the left hand again, and hold as shown in fig. 
109, and with the right band place the irons in the escapement 
of the plane till the centre of the cutting edge protrudes from the 
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mouth beyond the face of the plane as much as the thickness 
of the shaving required—in this case about the same as a sheet 
of note-paper. 

Keep the irons in their right position with the thumb of the 
left hand, and with the right push the wedge tightly in, and 
with a few taps of the hammer make it secure, but do not drive 
it too hard in. Caro should be taken not to move the irons. 

Glance frequently down the face while tapping the wedge, to 
see that no error arises in the amount of iron showing. If, 
however, on tightening, either corner of the iron should appear 
on the face, strike the iron on the edge near to the wedge on the 
same side as the corner that is out. If insufficient iron shows in 
the centre of the plane, a light tap on the free end of the iron 
will put this right. Sometimes too much of the edge is out, in 
this case a 'light blow on the button will cause it to set 
back. 

Having finally adjusted the iron the wedge should be firmly 
driven home. This can be done too oflectually, and in extreme 
cases the plane gets damaged, and even split. 

If it is not necessary to sharpen the plane-iron, it can be 
adjusted by simply striking the nose or the iron, as the case may 
be, and in actual work planes are often adjusted in the middle of 
jin e.xercise without removing the irons. 

The larger of the two pieces of wood for this exercise is 
1 ft. by 2| ins. 'by,^ in., and it will be found a useful size to 
commence teaching the use of the plane. If a much longer piece 
is taken, the result generally is to plane it hollow in length, and 
if much shorter, it is often planed round in the length. 

A short piece will allow the plane to dip at the end on the 
forward stroke. A long piece generally only gets planed in the 
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middle at first, as the pupil does not usually take good swoepiug 
strokes at commencing. A broad surface is too difficult to 
master at beginning. Place the end of the wood firmly against 
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the stop and hold the plane as in fig. 110, standing with the fiiot 
apart and behind the plane. It will be seen that^ the left hand 
is on the front portion of the plane which rests on the wood. 
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Press the nose firmly down with the left hand at the commence¬ 
ment of the stroke, and push the plane forward in a straight 
line. As the tool progresses, press the base of the right hand 
with gradually increasing force on to the rear of the plane, and 
as the blade passes over the further end of the wood release the 



pressure with the left. In short, the iron should be kept well 
down while it is cutting, but no longer. 

* The surface of the wood having been planed till it is 
thought to be l|vel, it should be tested for accuracy by placing 
the straight-edge ifeross it diagonally, in opposite directions, 
holding the wood and straight-edge up to the light to see if any 
inequalities of surface efxist. 

The face side now being true, turn the wood on its edge in 
the vice with the face side towards the operator, and plane or 
shoot the edge. 
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Hold the plane as in lig. 111. The Ungers of the left hand 
are allowed to run along the face side of the piece of wood while 
the plane is in motion, to steady it in its course. 

Again be careful to press the plane as before, and when it is 
thought that the face and side make a right angle, try it with 
the square, as in fig. 112, and with the straight-edge, to find if it 
is straight. If not correct, plane: off more as required. 

Having made the edge true and at right angles to the face. 
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gauge the width of the wood to a shaving or two more than 
it is required to finish at (2 ins ), this is left a little widei^ 
than is wanted, as, on finally cleaning the exercise off, a, little 
more will be removed, and it will they he true to the 
dimensions. 

Turn the wood over in the vice andjilane the opposite edge 
down to the line already gauged, taking care to make it like the 
other edge—true, and at right angles to the face. Now gauge 
from the face side and on the face edge the thi»kness of the 



158 MANUAL INSTliUCTlON^WOODWORK 


finished exercise—fin., and leave the extra amount for the 
cleaning off. • ■ 

The next step, having overcome the difficult task of planing, 
is to make cut lines on the face where the'grooves are to be. 

Commence by marking a cut line at right angles td'.the edge, 
about f in. from the end (sec fig. 106), and then alternately, at 
2 ins. and J in. apart, to the other end, where nearly 1 in. surplus 
will be found after marking off four spaces ‘2 ins. wide and three 
j in. wide. Both this and the ^ in. first marked will be finally 
sawn off. 

Gauge down to the depths of the grooves, and saw and (diisel 
them out as in Ex(>rcis(; I. 

Now prepare the thin coloured wood to insert in the grooves 
by shooting the edges true. 

To do this lay the strip on the piece of wood already finished 
and projecting a little from it. Best the plane on its side, with 
the face against the edge of the wood. A good illustration of 
this form of planing is shown on pp. 197-8. In that case, 
however, a shooting board is used, but for the present it is 
enough to make use of the true edge of the wood, already planed, 
as an improvised shooting board. 

Press the wood down hard with the left hand wheri planing, 
^ and, having got one edge true, try it against the groove to see 
how much is to be taken off the other side. Plane the required 
amount off and saw the strip of wood up into lengths, which 
should be a shade over 2 ins. each. Fit the several pieces into 
the grooves, where they should hold tightly, or, they may be glued 
in. Now clean off the face and edges with the plane set fmO'— i.e. 
with the iron barely showing, and saw off the end pieces not 
required. No glass-paper should be used. 
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EXERCISE IV 

PLANINd.—SAWING WITH TKNON SAW.—CHAMFEniNO WITH MANH 
. , ’ AND CHISEL.-MARKING AVITII TIUIMB-OAUGE. 

Tooh used .—Jack piano, marking gauge, try-sijuaro, and if-iii. 
or J-in. or 1-in. firmer eliisel. 

Timber required .—Yellow (leal 1 ft. by 2^- ins. by J in. 

The drawing for this exertdse should only be the plan, elova- 

End elevation. Side elevation. 
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tion, and end elevation, to scale No isometric projection 
need be made in this case. 

Plane up the piece of wood as in Exercise III., and cut lines 
on the face and edges at each end to leave some waste. Eor 
this purpose the wood is supplied about one iniji too long. Saw 
off this waste, as in the preceding exercise. Of course the ends 
could be planed true, but it is not advisable to take up end 
planing yet. The marking gauge is no*t used to draw the line.s 
on the face edges and ends, indicating the width of the chamfer, 
as the out of the spur being at right angles to ^le wood would 
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thus destroy the angle of the chamfer, which should slope into 
the edge or face, and make a good clean intersection. 

The pencil is, therefore, resorted to for this purpose, but the 
manner of its use is peculiar. 

If, in measuring the depth of the chamfer on the several 
sides of the wood, an error is made in measurement, the corners, 
or ‘ masons-mitres ’ of the chamfer, will not coincide. To prevent 



this, a thumb-gauge is used. This is a little piece of wood 
notched out at one corner in the same depth as the edge of the 
chamfer from the face, J in. 

Apply the notch of the thumb-gauge to the face side and 
edge, and place the point of the pencil against the angle formed 
by the gauge and the face side (see fig. 114). Draw both gauge 
and pencil together, down the whole length of the wood, and 
repeat the operation on the opposite side and at both ends. 

Now cut another notch in the opposite end of the thumb-gauge 
i in. deep. Turn the exercise on its edge and mark in the same 
way as on the face. 
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In chamfering hold the ])lane as in lig. 115, the left hand 
acting as a guide for the piano and to keep it down on the work. 
Take a good, steady forward stroke, the whole length of the wood, 
and continue planing down to the lines on the fac(‘ and edge, 
taking care to hold the plane at such an angle that both liiu s 
are reached simultaneously, or as nearly so as possible. In any 
case do not go beyond either line. 

When the chamfer has been made on one edge with the i)lane. 



take the wood out, and screwing it up in the vice, chamfer one 
end. Iljld the chisel, as shown in fig. 116,^in.the right hand, 
w-ith the left hand across the hack of the hlado; push it forward 
steadily with the right hand, and commence to cut with the right- 
hand corner of the edge. At the same time the left hand should 
keep the blade from cutting loo deeply or lifting out, and should 
gently but firmly push the blade of the chisel ag'oss, so that 
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every portion of tlie blade cuts' successively till the left-hand 
corner of the cutting edge' is reached. By this time the shearing 
action of the chisel has carried it to the other side of the wood, 
and another similar cut should be made. 

Jf the first effort is not successful, the end of the wood may 





i'lu. lie. 

lie cut oft', a fresh chamfer marked, and the process of chisel 
chamfering repeated. Treat the remaining edges in the same 
way as the first, and finish the exercise. 

It the exercise is well finished it may be returned to when 
the pupil is further advanced, and be completed into a hat-peg 
bearer, or some other useful object. 
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EXKKClSE V. Fig. 117. 

FACE AM) EDGE I'LANING. - DRAWING WITH i)ET-Si,ll'MIES ON 
WOOD.—SAWING WITH TENON SAW. - IIOItIZONTAE AND MMITICM, 
nilSEEMNO. 

7’o(i/.s’ H.S('(/.--.Jac'k pliiiie, try-sijuare, tenon saw, nmrking 
gauge, lievel, and various finiier chisels. 

'I'lmhir .—Yellow or while deal, hass-wood or hulteinul, 
1 it. G ins. hy 2 j ins. hy j in. 

The drawing of this exercise involve.s various plane geonietri- 
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cal iigiires. which are drawn in the usual manner, as indicated 41 
fig. 117. 

Tha»drawing need only he plan and eleviithfn. 

Method .—Plane up the wood true to the requiri'd dimensions, 
i.t. 2 i| ins. by .Jii in., and gauge two lincf^on the face, one i in. and 
one 2 ins. from the face edge. This gives two lines running down 
the length of the wood IJ in. apart and ^ in. from either edge. 

Taking one line as the base and the other its the limit of 
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height, draw in the various geometrical figures with compass and 
pencil, using the blade of the try-square as a straight-edge. 
Now with the try-square and chisel cut lines over the pencil lines 
already made. Gauge lines ^ in. deep on each edge. 

The figures being now marked, saw them all out down to the 
gauged line just made—in the case of the hexagon and octagon, 
saw away from the cut linos ^ in. Pare out the waste between 
the figures horizontally, and the hexagon and octagon will have 



to be pared vertically to take off the jV in. which was purposely 
left on to give a little practice in this form of paring. 

The chisel (fig. 118) should be held vertically, with one hand 
round the handle, and the other to guide the blade; it should 
be pressed dowiiwai'ds, and with a certain amount of /^hearing 
action at the same time, in the direction of a a in fig. 118. The 
whole of the waste should not be removed at the first cut, but 
several strokes should be given, and a good clean surface left. 

The i in. at the top and bottom of the figures first gauged is 
not removed with the chisel but planed away by edge planing. 
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MODEL I.-A TOOTH-BRUSH RACK. Fig. 119. 

BAWING WITH HAND AND TENON SAW.—VERTICAL CHISELLINO.— 
END GRAIN SHOOTING WITH PLANE.—BORING AND BORBWINQ. 

Tonh used .—Hand saw, tenon saw, i-in. and |-in. chisol, 
jack plane and smoothing piano. 



Fio. 119. 
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Timhcr loicd .—Yellow deal, or preferably some hard wood, as 
sycamore, 1 ft. long by 2.| ins. by jj in. to be cut out of a board. 

DraKiwj .—The plan and front or side elevation, or the 
Isometric projection. 



* , l>'io. 120. < 

Method. —In marking out on a board of sycamore the gauge, 
owing to the irregularities of the edges of the w'ood, cannot bo u.sed. 
The pencil, sijuare, and straight-edge, therefore, take its place. 

If the timber is some market form of a soft wood— e.<j. a 
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yellow deal batten or board—the dimensions should be llrst tested 
for accuracy with the rule, and 1 foot marked olY with rule, 
square, and pencil, from one end, and entirely across the hoard. 
On the line drawn, measure and mark ‘2| ins. + | in. for waste 
in planing, and the same dislancc at the end. 

The timber is now ready for sawing out, though if hard wood, 
with irregular edges, is used, a line must ho marked olf to make 
supposititious edges, and the irregularities outside aflirwards 
sawn off. 

Saw the wood either entirely across along the pencil line, or 
as far as the limits of the piece requiied for the exercise. 

Tho operator should stand as in hg. 120, the wood across 
two sawing stools. 

With a panel saw not too much ‘ set,’ tho pupil should stand 
with tho back of the saw', the right hand, elbow, shoulder, and 
eye in a line, so that good steady strokes can be taken well from 
the shoulder. Tho thumb is used as with the tenon saw, to 
steady the blade as it enters, and the strokes at first should ho 
firmly hut lightly made. 

In sawing, the edge of tho liladc should make an angle of about 
C5° with the ground. If the angle is less, the length of the cut is 
commensurately increased, and the physical effort heiaunes too 
much for the average boy. For this reason thin material is used 
in this exorcise. The thicker tho wood, or tho greater tho slope 
of the sfiw, the greater the difficulty of sawing it square to the 
surface line, and this is a common fault with beginners, and must 
be carefully watched both by pupil and instructor. 

Having sawn the wood across, put the right knee on the hoard 
or the piece cut off, and saw down the pencil lino to get the 
required piece of wood for the model (sec fig. 121^. An alterna- 
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live plan is to put it in the vice and saw it veitically, as shown 
in 122 . 

I'lane or true up the wood with the jaek plane, or if this is 
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not in first-class condition, with the trjdng plane, as there Is really 
no dissimilarity in the manner of using them. 

The wood is of amjih length to make the model, so sipiare 
a cut line across (‘ach end and cut off the waste outside it, 
sawing ,' 7 , in. outside the line. Now plane off this jk in. with 
jack plane. 
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This is rather a difficult operation, but if the following diri'c- 
tions are observed it becomes comparatividy easy. It should lie 
done again if the attempt is not succcssfid ;it lirst, as (licre is 
enough waste in the middle of the wood to |iermit (d' this. 
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First cut off one corner with thc' cbiAl and [)lac(! the mod(d 
against the stop of the shooting board and the plane on its side 
against the end grain, as in fig. 1‘23, the cut corner being away 
from the pupil. This will ensure the safety of the end fibres, 
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which otiierwiHC would certainly break out iu planing, tte iroD- 
in end planing should be set fine. . Having made the ends true, 
draw the back and shelf on the wood. From one end mark a ,cnt 
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line to indicate the length of the back, and from the opposite end 
another to give the length of the shelf. On the portion allotted 
for the shelf draw the two slots. First square a line over on both 
sides with the pencil, at the same distance iVom the end as the 
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'depth pf'the slot, and mark with a gauge the sides of the sloth on 
hotksi^es of the wood. 

X)n the back draw the groove to take the shelf with cut linos, 
aad mark off all thP chamfers at the corners. Gauge the deptli of 
the groove to take the shelf, and cut it out as in Exercise I. Saw 
down file slots a little inside the gauged lines and mortise out 
•the waste with a small chisel, then pare away what is left from 
the aaw, as in Exercise V. If the pupil has not sufficient strcngtli 
to mortise by hand, he should give a few blows on the end of the 
chisel handle with the mallet. Pare off the chamfers at the 
corners, as in Exercise V., completing the corner first cut off. Saw 
off the shelf with the tenon saw, and out off the back, lea\ ing 
jij in. to be planed off, as in the case of the open ends. Finish the 
chamfering of the back. Draw and mortise the sejuare hole in 
the back by which to hang the model up. Make a large gimlet 
hole in the middle of the little square to be removed. 

When the chisel is struck this hole affords an escanc for the 
yielding fibres, and if it did not exist, the model would probably 
be spoiled by splitting. 

Before putting the back and shelf together, a shaving may be 
taken off the face side of the former, but if the model is cleanly 
made, this may not be necessary. 

Hold the shelf in the position it is to occupy, and with a> 
small gimlet make the two screw holes through the back and 
into the slielf. • * 

The screws should fit tightly, but the holes should bo large 
enough to allow the screws to go in witjiout much force being 
employed. 
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MODEL II.—A SOAP BOX. Fi{?. 124. 

SAWING WITH HAND AND TENON SAW.—DLANINO. -HORIZONTAI, AND 
VEBTICAD PARING.—BOIUNO AND NAILING. 

Tooh used .—Hand and tenon saw, jack plane, j-in. and f-iii. 
firmer chisels, bradawl, hammer and square, brace and ;j-in. 
centre bit. 

Timber required.--k piece of yellow deal 1 ft. tins, lonp by 
3f ins. by i in., cut from a board with a hand saw, as in Jhidel 1. 

The drawing of this exercise may bo either the diAa bqiineiit 
of the parts, or the plan, front, and side elevation. In the case 
of the more apt pupils, the isometric projection may bo made 
instead of the plan, elevation, and side elevation, but the develop¬ 
ment must be made. 

Having executed the drawing, prepare the wood l)y i)laniiig it 
up to the dimensions. When true, a lino should bo made across 
at, say, -j- in. from one end. 

Saw off the small portion oiit.side this line, leaving j'.jin. to 
be removed. Plane aw'ay this small amount, cutting off one 
corner with a chisel first, and leave the wood true and sipiarc to 
the cut line. Draw on the wood or ‘ set out ’ the development, 
as in fig. 124. Square cut lines over the face for the width o| 
the back and the depth of the sides. 

It wi|l be noticed that the two sides arc ri^hband left handed, 
the groove being in one case on the left and in the other on 
the right hand side. 

Make cut lines to indicate the grooves, and on both the face 
edge and the opposite edge, gauge a line | in. deep opposite the 
marked grooves, to indicate their depth. Draw Ijnes from the 
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face edge of the back | in. long to the angles of the top of the 
back, and mark the horizontal lines with the gauge, and the 
inclined lines with a pencil. With a fine sharp pencil mark out 
the corners of the sides which have to be cut off. 

It will be.found better to cut out the grooves now before 
sawing the back, sides, and bottom apart, as the large piece of 
wood is easier to handle than the separate smaller pieces. 

Saw down in the grooves to the gauged lines on the edges 
and pare out the waste with the chisel, as in Exercises I. and 11. 
Now saw the back, sides, and bottom apart, leaving .jij in. on 
both sides of each piece, to be planed away in finishing, or the 
pupil would find himself with the alternative of finishing his 
model under the dimensions, or of leaving portions of it rough 
sawn. Plane up these sawn edges in the shooting board. 

It will be noticed that the bottom of the box slopes towards 
the back, to allow the moisture to drain towards the slot. The 
back edge of the bottom, therefore, must be bevelled with a plane 
BO that it fits against the back. 

Saw' dow'ii from the back edge of the bottom J in. as marked, 
and pare out the waste to make the slot, as in fig. 124. Now 
turning to the sides, saw off the corners, leaving the pencil lines 
just in, and remove these by vertical paring with a 4-in. or 
^-in. chisel, as in Exercise V., or put the piece of wood 
in the vice and pare off the small amount of waste. Now with 
the tenon saw,, cut out the pieces to be removed in the top of 
the back, and pare down to the pencil line, as in the case of 
the corners of the sides. 

If the hands of the operator are clean, as they always shoulcl, 
be in doing neat work, the model will not be much soiled. How- 
c^'cr, if it is necessary, glass-paper may be lightly used, and care 
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should be taken not to destroy the sharp corners and ed}'('s so 
indicative of good work. 

Bore the hole in the back to hang tlie box iij) by, with a j{-Ln, 



centre bit. Fig. 12.5 shows the operation, which is simple, 
only reipiifing care in ])lacing the [Bn ol the bit in the 
centre of the drawing of the hole, and in holding the brace 
firmly upright. 
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When the point of the bit appears through the back, stop 
boring, and finish from the reverse side. 

The object of this is to prevent the back of the wood being 
splintered as the cutters of the bit come through, wliich would 
1)0 very likely to happen. 

Now put the model together, putting the sides mto the back 
grooves, and the bottom into the side grooves, and in this order. 
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To hold the bottom into its place, it is nailed from the sides, 
and three holes are bored with a bradawl to take the nails, as 
shown in the isometric projection. 

Hold the bradawl, as in fig. 126, with the blade at right angles 
to the grain of the wood, and in boring push the tool continually, 
and at the same time keep up a succession of twisting movements 
alternately to right and left, with the stem of the bradawl as a 
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pivot, making about one-sixth of a revolution at each turn. Should 
the blade of the bradawl be pressed in the least out of the verticiil 
position, it will be liable to snap off. 

Hold the brads in the finger and thumb, as in the illustration 
(fig. 127), and the hammer as shown, taking care to grasp it at the 
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end of the handle. Tap the head of the nail, which should he 
an oval Steel brad about 1 in. long, and ha\ing entered it, take 
away the supporting fingers, and drive the nail in hy a suc¬ 
cession of good square blows, which sliouW not he too hard. 

When the head is nearly level with the wood, the punch and 
hammer should be used to drive it still further in, so that it is 
just beneath the eurfaee. 
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MODEL ir.-A SMALL BRACKET. Fig. 128. 

TMs is an alternative and slightly easier model than the ’preceding. 

A piece of yellow deal 14^ ins. long, 5,| ins. wide, ^ in. thick 
will be required. No change is necessary in tools used, except 
in the size of the centre bit, which should bo i in. 
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The drawings on the paper should bo the usual orthograpliir 
projections, as in fig. 128. 

The isometric projection is hardly necessary, as the very 
simple shape of the model is clearly brought out in plan and 
elevation, but it is given to make the drawing complete. 

The wood should be first planed, and the development of the 
figure drawn on it, as in fig. 12!). The lengths of the shelf and 
bracket and the limits of the grooves should bo 
marked with square and chisel, and the re¬ 
mainder of the outline with a pencil. As much 
as possible of the work should be done before 
the several portions of the model are cut apart. 

Commence by sawing off the waste at the 
end, then proceed to plane the end up true, 
having cut off one corner to prevent the break¬ 
ing out of the end fibres. The groove for the 
shelf may now be made (to a gauge lino J in. 
deep). Do not cut the shelf and back apart at 
this stage, as the whole piece should now be 
put into a vice and the bracket support and 
the sloping sides of the top sawn down along 
the dotted lines, as in fig. 129, with a hand 

saw. Notice the tick* 

The model should now be taken from the the face 
vice, anc> the shelf, the shoulders of the baoJr, ’ 
and the small triangular piece of waste at the top, out off with 
the tenon saw. The shelf is complete, but the lower end of the 
back must be finished up in the same way as the end of the 
shelf, and the small groove, with the grain, for the back of the 
bracket support, should now be pared out. 
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Fig. 180 shov/s the paring of the inner angle of the top of 
the back. This should be done in the vice, and the piece then 
taken out and laid flat, while the remainder of the waste left on from 
the saw is vertically pared off, as in fig. 131. The small flat top 
to the back should also be completed in this way. The bracket 
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support should now be linished with plane and chisel, and before 
putting the parts together in their finished form, the hole in the 
back should bo bored and the nail holes in both liack and shelf 
made with a bradawl. 

Similar nails to those for klodel II. should bo used. 

MODKL II. B.- A LETTER OR ENVELOPE CASE. Pig. 138. 

This h another model which may be taken instead of Model II. 

The wood re4hired is a piece of bass-wood, yolldvv deal, or 
some hard wood, 14^ ins. by 5^ ins. by § in. thick, and another 
small piece 5| ins. by 2^ ins. by in. for the bottom. 

First draw the orthographic projections in fig. 182, or, if pre¬ 
ferred, the isometric projection (fig. 183) can be made instead. 

The wood having rather larger surfaces than in any previous 
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exercise, there is a little greater difficulty in planing it true in 
both length and breadth, but this will probably not be insur¬ 
mountable now, as some practice in planing has already been 
obtained, and enough material—J in.—has been allowed to be 
planed off in the preparation of the wood, to give tho pupil an 
opportunity of making a true surface, without planing tho wood 
thinner than the dimension in the drawing. 

Having planed up the large piece of wood, mark out the parts 
of tho model on it completely, as in fig. 134. The curved top is 
here shown on tho inside, but the pupil should draw it on the 
back, opposite to where shown. The drawing is made to show 
the curve on the inside merely to save an illustration. 

First plane one end true, however, as an accident in breaking 



the grain vvill not then have such a bad effect, as a fresh end can 
then be made from which tho markings can bo sot out; hut if the 
cut lines are alhmado to indicate tho grooves, and an accident to 
the end grain then happens, the wood is either spoiled or a new 
series of cuts for grooves, a little further in from one end, must bo 
made, the abandoned lines disfiguring the model very much. The 
ornamentab curves on the top of the front and back have only to 
be set out on one side, as after the grooves have been pared out 
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and the sides cut apart, the two with ornamental tops slionid he 
tacked together, as in fig. 185, and the concave curve—a semi¬ 
circle given by a hole bored with a 1-in. centre bit—made 
through both pieces of wood, while the wood is held tightly down. 
Saw out the greater part of the waste with a tenon saw. The 
convex curve is obtained by vertical paring, and as it will probably 
not be perfectly true from the chisel alone, the flat surface of a 
file or a piece of glass-paper can be used, to render it (piito smooth. 

Chamfer off the top corners of the back and front, and 
having bored the nail holes, they will bo finished. 

The wood for the base of the case is i in. larger in each 
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dimension than it is required to finish, and it must be completed 
with sharp corners. One edge is first planed true, and in order 
to avoid the liability of breaking out the grain, the corner is cut 
off, but in the waste, outside the out and gauged lines indicating 
the limits of size. After planing both ends the remaining long 
side may be shot true to the gaugi; lino, and the base is finished 
to its ‘proper dimensions. Fig. 186 shofvs clearly how the 
cutting of the corner is managed, and the direction in which the 
planing is done is indicated by arrows. • 

In nailing the sides together, oval steel brads about | in. in 
length should be used, but tor the bottom about ten 1-in. brads 




i 84 manual UilSTRUCTION —woodwork 

will be found quite enough. Before nailing the bottom on, the 
sides should be fastened together, and placed on the back of the 
base, as in the plan, and a pencil line round the outside will give 
the outline of the bottom of the sides. With this as a guide the 
holes for the nails can be bored with a bradawl. 

MODEL III. Pio. 1S7.-A RACK FOR BUTTON-HOOKS, 
KEYS, Etc. 

niKSH TOOLS usnt).—TllYINO AND SMOOTHING TLANHS AND DEVKL. 

Material required .—Apiece of bas.s-wood 141 ins. by ins. by 
J in. and a strip of some darker-coloured wood, say walnut or 
mahogany, 1 ft. by J in. by { in., and a similar strip of some light- 
coloured wood, such as sycamore, for the ribbon pattern, to afford 
a contrast. The bends on the top and bottom should be made 
from a piece of walnut or bass-wood, 13 ins. by 2|- ins. by f in. 

The drawing to bo made on paper should be the full elevation, 
the vertical section, and the plan and hori/.ontal section. The 
enlarged detail of elevation need not be drawn, it is inserted to 
make the drawing clearer. 

Plane up the large iiicco of wood true to 2J ins. width. Some 
care is required in planing this piece of wood true, as much 
depends on the good surface to be obtained. To assist in doing 
riiis the jack plane should not be much used, but the latter- 
part of the planing should bo done with the more reliable trying 
plane. From the ffice edge gauge two lines, one at | in. and the 
other at 2^ ins. distance, down the whole length of the wood, as 
seen in fig. 188. Now,' with the aid of the set-square set the 
bevel to 60°, and take care then, to screw the blade up tight. 
Commence about 1^ in. from the end, and mark a cut line com- 
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plctely across the wooil (se(! tig. 138) in the manner sliown in the 
illustration (lig. 13!)). Het out projectors g in. long from this cut 
line, and make another parallel cut lino with chisel and bevel. 
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From the points where the cut lines cross the gauged line J in. from 
the face edge, the next pair of inclined linos can ho made by revers¬ 
ing the bevel, and in this way the whole of the lines can bo drawn. 
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It must bo borne in m;nd, however, that they must all bo drawn 
from the face edge, and only the outside edge of the bevel blade 
should ho used to mark against. Now gauge the depth of the 
grooves ilk full, on both edges, and saw out all the parallel 
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grooves in one direction, keeping obout in. inside the lincB, bill 
do not touch tlic others at present. Cut out the grooves very cnre- 
fully by horizontal and vertical paring, making tliem as smooth 
as possible. Now take the two similar strips of walnut and syca¬ 
more and shoot them true to dimensions (|in. by in.) and try 
the dark-colourcd piece in the grooves to see if it tits. When 
satisfactory in this respect it can bo cut up into pieces which will 
quite fit the grooves - though it will be noticed from the. drawing 
of the complete model (lig. 1117) that triangular pieces at the ends 
arc afterwards removed to make room for the full-length strips 
of sycamore. 

The walnut strips can now be glued in, taking care to sijiieezo 
out the glue well, and the modid may bo left till dry. 

This will take about eight hours, and consequently it must 
be left till the next lesson. 

On resuming, complete the marking id' the reiuaining grooves 
by iinishiug the old cut lines across the dark inlaid strips, and cut 
them out with the tenon saw, as in the first set of grooves. Glue in 
the light-coloured strips after preparing the rnati'riat in the same 
way as heforo. Now the dilfereiiee in lengtli of the coloured 
strips gives them somewhat the apiiearance of a bent ribbon in 
alternate light and shade. 

Plane the edges of the model when dry down to the gauged 
line i in. in from the edges (lig. lt!8), and as slight in-egnlarities 
in the face surface will probably exist, just run the trying plane 
over, to ‘ flush ’ it down, putting a little linseed oil on the face of 
the piano to assist in removing any small projecting pieces of 
hard glue. * 

The model should now be reduced to the proper thickness, 

^ in,, by planing the back down, with a jack and trying plane. 
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Draw the curved ends of the model on the wood, and at the 
same time mark out the centre of the hole at each end. 

With the tenon saw cut off the waste outside the extreme 
limits of the ends, and then saw off small pieces of the waste at 
various angles, as in lig. 138, in order to roughly give the curve, 
which may then be further completed by vertical paring, and if 
not absolutely true, the flat face of a file may be used to finish it. 


A 


fl. 



■ • 
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In filing care must be taken to give good, tong, steady, hori¬ 
zontal strokes, using almost the whole length of the tool, and 
grasping the frOnt.end with the fingers of the left haiid, as in 
illustration (fig. 110), tlie wood being screwed up in the vice. 
Now bore the two holes,by which tlie model is to be suspended. 

Though the taco was ‘ flushed ’ down with the trying plane, 
it may now be rendered as smooth as a plane can make it, and 
the smoothing plane is introduced to do this. If the iron of the 
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plane requires adjustment or sharpening, it can be loosened or 
removed by tapping it on the rear end with a hammer, as in 
fig. 141, while the plane, irons, and wedge arc hold in the hand 
somewhat in the same w'ay as the jack plane; and except for this 
peculiarity of tapping the back end, instead of the nose <4 the 
plane, in loosening the irons, there is no great difference in theii- 



preparation for use’. The smoothing pjani; is always set as fine 
as is possilibn 

The smoothing plane not having a handle must be grasjieil 
firmly with both hands, whicli should hold it very tightly down 
on theVood to bo planed, as in fig. 142. 

There is a liability for beginners in using this jdane to give 
short spasmodic strokes, but it must be J^orne in mind that this 
plane, like the others already taken up, should be used with good 
free strokes extending the whole length of the wood. After the 
smoothing plane has been used, there might still 'bo almost im- 
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Draw the curved ends of the model on the wood, and at the 
same time mark out the centre of the hole at each end. 

With the tenon saw cut off the waste outside the extreme 
limits of the ends, and then saw off small pieces of the waste at 
various angles, as in lig. 138, in order to roughly give the curve, 
which may then be further completed by vertical paring, and if 
not absolutely true, the flat face of a file may be used to finish it. 
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In filing care must be taken to give good, tong, steady, hori¬ 
zontal strokes, using almost the whole length of the tool, and 
grasping the frOnt.end with the fingers of the left haiid, as in 
illustration (fig. 110), tlie wood being screwed up in the vice. 
Now bore the two holes,by which tlie model is to be suspended. 

Though the taco was ‘ flushed ’ down with the trying plane, 
it may now be rendered as smooth as a plane can make it, and 
the smoothing plane is introduced to do this. If the iron of the 
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it will be noticed, are ^ in. deep, and the limits of the curve 
should be marked with a pencil and thmnb-giuigo before 
commencing. 

It must not be overlooked that the top bead projects iin. 
more than the bottom. Mark out the depth of these beads with 
the gauge, allowing a shade over the dimensions, J in. from one 
side and if in. from the other. This allows a trilling waste to bo 
planed down afterwards, but in order to obtain a little more as a 
precautionary measure, saw down between the two gauged lines. 

Now glue the strips on in their proper places— \x., the lop 
strip projecting ^ in. and the bottom one iin., and nail down 
also, with J-in. oval steel brads. Three nails through each ])iece 
will be suliicient, and care should be taken to drive them in 
between the ends of two grooves, where the srdistancu is in one 
piece, or otherwise some of the strips might bo disturbed. FiniBli 
off the model by planing the bacli down flush, and put in the 
nails to carry any articles which may be hung on them. 
These nails should bo of brass, and about liin. long. One 
should be driven into the middle of each of the top row of 
equilateral triangles, and in order that anything put on tliom 
may be held more securely, they should bo put in 10’ out of the 
upright—i.e., the stem should make 80° with the surface. 

Be careful to make the angles of inclination of the nails 
similar, and to drive them in to the same depth, so that a good 
even rov» of nails appears. , ’ 

Carelessness in putting in these nails may mar the appear¬ 
ance of a model which might be very ,well finished in every 
other respect. 
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MODEL IV. Pio. 144.-A PLANING EXERCISE. 

Tooh required .—Trying plane, jack plane, square, gauge, 
cfflitre bit. 



This is a very simple model, given to enable the pniul to get 
some practici; in jdaning a larger piece of wood than has been 



Fig. 14,5. 

previously attempted. A piece of wood ‘2 ft. long, I-^ins. wide, 
and Jin. thick will be required, and after planing it true to 
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dimensions with jack, trying, and smoothing idancs, the end 
curve should be made as in the previous model, and the hole 
bored by which the board is to la; hung. 

In gauging the width of this model on the wood, an alterna¬ 
tive method of gauging may be taught. Fig. II.') shows this 
form of giUiging. A spare piece of wood ]nay be given to tho pupil 
to pi'actice on. Hold the wood in the right liaiiil, pressing the 
further end against the bench .stop, and gaugi'with the left hand. 

MODEL V. Fm. lf(i. PLANING IN Till; DIKECTION 
OF THE (IKAIN TO A PHUSMATIC FOltM. 

Tools m/HirciL—Compass, thumb-gauge, jack plane, Lying 
plane, and tenon saw. 

Tho illustration here given shows a regular hexagonal prism, 
but this particular form need not necessarily be adhered to. 

Take a piece of yellow deal of about li in. sipiaro in suction, 
and a little more than a foot long, 
and plane it up true to the dimen¬ 
sions of the rectangle which encloses 
the iigure in tho drawing, with a. 
jack and trying plane. Cut off one 
end square with the faces, and on it 
draw the chosen polygon in the 
manner Shown in tig. 14(1. With 
thumb-gauge and pencil draw lines 
from the anf^s made by the side 
of this polygon, completely down 
the length of the wood, and join the iioints made by the extremity 
of these lines at the other end c'f the wood, and a second 
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polygon, similar to the first, will bo obtained The portions to 
\)ii removed by edge planing will ncjw be indicated. Tig. 147 
shows the manner in which this is done. Two small pieces of 
wood arc screwed up in the \ ice and act as stops to the wood 
to be planed. This is not screwed in the vice, but fixed in 
))etween the two stops. 

The fingers of the left hand cannot in this exercise rest on 



the wood below llic face, bnt are doubled np for safety, yet the 
position of the*hiwid is still nseful in guiding the plttne. The 
manner of holding the plane in surface planing, with the fingers 
grip)ung the other side of the tool, will not be found advisable 
now', as the action of the arm in the forward stroke is not so 
well calculated to send the plane in a straight line. In the 
present case, moreover, the surface to be planed is very small. 
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and auliieient downward pressure can be given witli the tluimli 
alone. 

If an octagonal prism is made the angles may be remoNod 
successively and the form gradually made rounder, till it can be 
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linisbed into a ruler with a lib', as in tig. 118. As the tile is 
steadily pushed across the wood, the model itself is turned with 
the other hand against the tile, so that the surface is acted on 
by turning both the wood and tile simultaneously. 

MODEL VI. Fm. Uil.-AX KLrdl’TT('.\T, MAT. 

The new tools in this e.veri'isi! are the bow saw, and spoke- 
shave. • 

Ganging, edge and face planing, glueing, sawing with bow 
saw, and edge modelling with spokeshave are involved. 

Having drawn the mat (not necessarily in isometric projec- 
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tion), two pieces of wood of contrasting colours should be cut up 
into the required lengths. To produce a pleasing effect to the 
eye not fewer than seven strips should be made, and even 
numbers should be avoided for the same reason. 

In cutting up the strips, it should be remembered that the 
outer bands are shorter than those in the centre. 

No dimensions are given, as the model can be made to any 
size, but we will assume that the wood is li in. wide and jj in 
thick. 

Plane up the strips true, taking care not to remove too much 



material. This planing, and, indeed, all the work of this 
exercise, should bo very carefully done, as a new and somewhat 
difficult form of jointing is taken up. 

it . <’ 

The use of the shooting board is now introduced. 
The construction of the shooting board is too difficult for 
a beginner to attempt, because it must be accurate, or it is 
useless. 

It is described on pp. :i39-40, and when sufficiently advanced 
the pupil who may reiiuiro one can make it himself; but at this 
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stage it is assumed that a teacher will always iiuihe these boanls 
for the class. 

Place one of the light-coloured strips on the hoard, face down¬ 
wards, with one end against the stop and with the edge piojoct- 
ing about ^ in. over the ledge. Lay the plane on its siile, and 
hold it firmly against the edge of the wood to be i)laned, which 
should be pressed down with the outspread lingers of the left 
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hand (see lig. lot)) ; and when ihe plane is pushed forward, as 
in fig. 151, it is of the greatest importance that it should be still 
kept clpse up to the wood along its entire lei>gth. There is a 
tendency to push the heel of the plane slightly outward, as it is 
sent forward, and this should be carefully avoided, as it will result 
in planing away too much at the further end of the wood. 

Plano up both edges of all the light-coloured strips in this 
way, keeping all face downwards on the board while btdng planed, 
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and then shoot the edges of all the dark-coloured strips similarij 
but with the face side of each piece ui)\vard while being planed-. * 
The reason of this is that a shooting hoard or plane rarely 
gives a perfectly true right angle, though when tested by ordinary 
methods both the piano and the angle of the shooting board may 
appear corrc-ct; and if all the strips were planed with the face 
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upwards, the amount of (>rror would be multiplied by twelve, for 
both sides of each of the six joints would be affected. 

The joints would bo properly made, it is true, but the infini¬ 
tesimal error on each side of the six joints, would resiilt in a 
noticeable curve, either concave or convex, in the face of the 
completed mat. The qilan of reversing the strips in the 
manner described entirely avoids this danger, and necessarily 
gives equally good joints. 

In glueing tip the strips, take care to rub the glue well out, 
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■flOtljoin them firnt in pairs, ami tlini glue tlie jiairs of stiip* 
together. Before glueing, nialie a eleat in which to clasp the 
nrodeh Ihe cletil should be ii strip of wood about '1 ins, wide, 
with two blocks nailed on it, a little further apart than the 
fixtieme w'idth ot the model. Insert at one end two wtalgis 
from opposite sides, as in fig. BVi. 'riiese, when driven in fairly 
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tight, will tighten tlu' )oints, and the model can ho loft to 
dry. 

hmi the model is again taken up, the small projecting 
pieces of glue should be removed with a few strokes of a jack 
plane, and the ellipse drawn on the surface. Before using 
the bow saw, take care that the hlade is true, for as the handles 
can be turned round in their sockets at will, it is possible that 
ih adjusting the saw, the blade may be twisted, and of course 
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will not tlK'ii cut at all well. Stretch the blade almost up to 
the br(,‘al<inf' point of the back string, by turning the lover. 

In using the saw, grasp it with both hands, as shown in fig. 153, 
and keep llu; saw moving with perfectly horizontal strokes, or 
otherwise the two sides of the cut will not bo similar. In the 
model now being made cut in to the pencil line, at any point, and 
then saw the ellipse completely out, leaving about ^ in. of waste 
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on, outside the line. 'Ibis waste is to be removed with the simkc- 
shave, as the saw would leave too rough a surface. 

The .spokestia,’e,„and, in fact, any cutting tool, should, when 
in use, cut away from the operator. There are several reasons 
why this rule should be adojited. The safety of tho operator, 
and the additional power and command when imshing any tool 
as compared with the reverse pulling action beuig the chief. 
Hold the spokeshavo as in fig. 164, and in a horizontal position. 
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The surface is curved, and in pusliin^ the tool forward make it 
follow the curve of the ellipse as tar as possible, and do not 
attempt to make any part of the edge perfectly true at lirsl, but 
work steadily round, removing all the irregularities, and so malu' 
a fairly even surface then go over the whole of the work again 
and render it quite smooth. Alter making the edge true, take 
the model out of the vice and put it on a panel board. This 



board is described on p. d 10, and it is enough to say here that, as 
several small pieces of tliin wood have to be tacked down to act 
as stops, the use of this board will save the top of tlie beiadi 
from bciftg injured by nailing. Place the mocfel against the 
stops and make the whole surface quite smooth with trying 
plane and smoothing plane. Complete the model by boring the 
hole in the end. 
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EXERCISE VI. Eig. 135 

SAWING, KDGE SHOOTING, AND BOKINO. 

First miiko the (Irawinji; of the exercise, and in doing this, all 
the polygons as shown need not be adhered to, but it is very im¬ 
portant that the square should bo made, though the boring in the 
square can be omitted at the discretion of the teacher. 

A piece of yellow deal or bass-wood 1 ft. 81 ins. or more in 
length, ![ ins. wide nn<l in. thick, will be required. Plane it 
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Siile elovalioii. 

Fro. 155. 

up with jack and trying planes true on both sides, and on the face 
edge. Now set out the ligures in pencil, and afterwards,mark out 
lines over the lead-pencil ones, using a straight-edge or the blade 
of a try-square for the inclined lines, and the marking gauge for the 
side of the square and hexagon parallel to the edge. The remaining 
sides of the square should be marked with chisel and try square. 
Saw out the various polygons with the tenon saw, keeping 
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in. from the line, and then plane all the edgCH down to the cut 
lines, with jack or trying plane, using the shooting board, as in 
fig. 123, p. 170. Take care not to plane against the grain in 
shooting the edges, as splitting at the corner farther from the 
operator will take place. 

MODEL VII. Fig. ir,0.-A LETTER RACK'. 

FACE AND EOOE I'LANING, DOIIINO, AND SGHEWING. 

The drawing of this model .should be made to scale ,1, and 
should include tlie elevations of back and side, and the jirojecli'd 
elevation of one of the sloping fronts (a practical illuslration of 
change of ground line). 

Two pieces of some hard, close-grained wood, as sycamore or 
walnut, are rtapiired, one 131 ins. by I ins. by ■{ in., and one 
13A ins. by 3j- ins. by § in. 

Plane up both faces of each piece true to dimensions, and 
shoot the edges of the narrow piece for the fronts, down to its 
width —dins. 

The face edge of the wider piece should be planed up true, 
but as little wood as- possible should be removed to attain this. 
The plan of the back show.s the section of the chamfered fillet, 
which afterwards makes the groundwork on which the shelvt-s 
are to be screwed. 

From* the face side, gauge the width of tho'back, the jf in. 
for waste between the back and the fillet, and the ^ in. for the 
width of this fillet. Now plane off the bpek edge of the wood 
down true to the last made gauged line, and chamfer off the next 
i in. with the jack and trying plane to the required angle—22 
testing the work with the bevel set at that angle. When the 
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chamfering is corrsct, saw off the fillet with tlie panel or tenon 
saw, and then plane the rough edge true in the shooting board. 
The edge left rough from the saw cut on tho back should now lio 
planed down true to the dimensions—8 ins., and Mill now agree 
with the other piece of wood for the fronts. 

Draw on the back the outliin! of the top and bottom. The 
circle and semicircles whore the boring is to be done need not bo 
made, as if the centre is carefully indicated in 
its proper place, the bit will create the proper 
curve as it cuts. Material enough has been 
alloMed for waste at each end, and also in the 
piece from which the sloping fronts are to be 
made, as will be seen in tho drawing (fig. 157), 
showing the manner of setting out the fronts. 

The tops of the fronts are not dimensioned, bill 
they are similar to the top of tho back. 

To find the centres of tho five bored holes 
which make the design in tho middle of each 
front, draw a faint, short, gauge line, down the 
middle of each of the pieces, make pencil lines 
across each, and catting the gauge lines at the 
centre of each piece of wood. From these 
centres the four points which give the othei 
centres of the four holes to bo bored can be 
obtained. , • 

Now bore all the holes in both back and 
fronts before cutting the latter apart, .boring 
partly from each side in order to avoid break¬ 
ing the fibres by the pressure. Cut off the fronts, plane the 
bottom edges true and sijuare, and saw off the cerners of both 
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l)!ick and fi'oiitH a little away from the cut lines. Pare with a 
chisel back to the lines so as to leave a clean edge. 

Cut the fillet up into the rc(piired lengths—3 ins., and glue 
a piece to the bottom of the back of each shelf. While waiting 
for these joints to dry, oh'an up the face and opposite sides of 
the back with a smoothing plane, and finally just touch up the 
surfaces with glass-paper, to make them dead smooth. Cut lines, 
to indicate the points where the fronts meet the back, should now 
be made, and th(! three fronts can be screwed on when dry, 
using ^-in. brass-headed serous (trade size. No. 3), as shown 
in ‘side elevation of projected front,’if it is desired to give the 
linished moihd a, good appearance. 

MODBtj Vlt. a. f’Ki. 1,W.--AN() rilUK CUTTER RACK. 

This modid is really very similar to the last, and the 
cleverer boys of a (dass may make it instiaid of the preceding 
one. 

Two pieces of oak or bass-wood, one 1 ft. .d ins. long, 4f ins. 
wide, and g in. thick, and one 1 ft. I ins. long, ins. wide, 
and ^ in. thuds, will he re(piircd, and the model should be made 
in the manner described for Model Vlf. 

The large curves on the rack fronts and at the bottom of the 
back should be cut with the bow saw, and finished by vertical 
paring and tiling. The small triangular boles shov’ld have 
a small hole bored in each first, and then be pared clean with 
a i-in. chisel. 

Fig. 169 shows the setting out of the fronts. 
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MODEL VII. h. Fio. 160.—ANOTHER FORM OF 
HANGING RACK. 



i'lu. 16'J. 


This rack is an easy alternative 
model to the two preceding ones, but 
combines the use of rather a large num¬ 
ber of tools. 

Face and edge planing, sawing, 



paring, boring, modelling with spoke- 
shave, the housing joint, and^screwing 
are all introduced. 

Make the drawings of this model as 
in the illustration. These will be found 
quite enough to work from. 

Two pieces of wood will be required. 
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one lOJ ins. by 4^- ins. and ^ in. tliick, if made in oak or iisli, 
or i in. if made of deal, and one ins. long, 1| in. wide, and 
the same thickness as the larger piece. 

Make the wood true on both faces and edges, with the jack and 
trying planes, and then set out the back and the sloping front on 
the large piece in the same manner as in the previous models ; but, 
in order to economise the wood, draw the curved top of the back at 
one end, and the top of the front with the 
hole, afterwards to be reduced to a semi¬ 
circular curve, at the other end (see fig. 101). 

Now bore the two holes and cut off the 
waste outside the end of the front. Shoot 
the edge true, and cut off the corners to 
the dimensions by vertical paring. Turn 
to the other end of the piece, and screwing 
the wood in the vice, cut out the curve 
with a bow saw, and finish with spokeshave. 

Mark cut lines to indicate the grooves, and 
saw and pare them out to ^ in. deep. Note 
that the groove in the front should bo cut 
in at an angle of say 80 ° to the surface. 

Now cut the front and back apart, and 
model the bottom of the latter witli the 
jack plane, using the shooting board. 

The sjnall piece of wood for the shelf may,now be planed up 
to an extreme width of in., and one edge then bevelled off 
slightly, to fit the slot in the front. Put the model together, and 
with a very small bradawl carefully bore the holes for the screws 
from both back and front, and then screw the parts together, 
using No. 8 or No. 4 §-in. screws—flat-headed in the back and 
round-headed ones through the front, for the sake of appearance. 

P 
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JOXF]RCISE VII. Fio. 1G2 

BlMI’f.K J'AKQUprniY. - EDIIK SHOOTING AND USB 
OP SMOOTHING PLANE. 

The drawinj' of the plan shows only one side of the long 
diagonal covered by the thin pieces of the parquetry, but the 
other side is left blank merely to reveal the foundation of yellow 

deal. In the bench work the 
whole surface should be covered, 
and the alternation of colours 
by the arrangement of dark and 
light-coloured strips repeated on 
the blank side. Observe that 
the opposite angles of the rhom¬ 
bus must agree in the arrange¬ 
ment of colour. 

The parquetry can be made 
very effectively of mahogany f in. 
thick, and sycamore, or some 
woods giving good colours. 

It is not advisable to specify 
the precise dimensions of the 
wood required to make the base 
of this exercise, as much waste 
would arise in cutting up the timber, which may he avoided by 
sawing out the diamond-shaped pieces, having sides about 6f ins. 
long, for several models, from a board ins. wide. 

The drawing shows the grain of the wood running parallel to 
the edge, and if the wood is cut up so as to give thi.s result, the 



Side Plan with parquetry 

elevation. removed on one half. 

Fio. I(i2. 
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appearance of the complete exercise is much better than if it is 
not attended to. 

A strip of mahogany 2 ins. wide, planed to a thickness of 
in. and of 2 ft. or 3 ft. in length, may be cut up into small tri- 
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angular pieces, as in fig. 1G3, and to the dimensions shown, two 
being required for each exercise. A similar strip of sycamore 
may be cut up in the same way to give the light-coloured inner 
triangles. 

The outer fillets may be cut from long strips of mahogany 
and sycamore 1 in. wide, and planed up true to thickness. 
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in the same manner as shown in fig. 164. The edges of the 
fillets should now all bo planed true and parallel. 

Take a triangle of mahogany and a fillet of sycamore, or 
vice veni, and prepare them for jointing by planing the edges in 
the same way as for the elliptical plate, pp. 197-8. Glue them to¬ 
gether, simply rubbing them till the glue ‘ sets,’ and then lay the 
jointed piece aside, and glue the remaining pieces together in the 
same way—they need not be cleated while drying. Now true 
the face and opposite,sides of the deal base of th,e parquetry. 
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but do not touch the edges yet. When the glue of the joints 
already made is quite dry, clean off the rough pieces of glue 
with a jack plane, and place one of the triangles on the shoot¬ 
ing board against a stop screwed down at an 
angle of 80° to the edge, as in fig. 165; plane 
off the side true, using the plane in the direc¬ 
tion of the arrow, to avoid breaking the joint 
already made. 

Shoot the remaining three triangular 
plates on the same edges, and test the accuracy 
of the angles by placing three of them to¬ 
gether in the angle of a try square, lying flat 
on the bench, when, of course, they should 
exactly fill the right angle between the blade 
and stock. 

If the result of the testing is unsatis- 
Fio. 165. factory, the shooting board may be regarded 
as in error, and the stop should be taken off 
and rescrewed to the board, as may be required to make the angle 
correct. Having made the 30° angles of each piece, take off 
the stop and screw it down again at 60° to the edge, and in 
the same way as before, plane up the 60° angles of the pieces. 

The method of testing the accuracy of these angles is to place 
three of them together and try the outside edge with a straight¬ 
edge. If any error is apparent, re-adjust the stop on .the board 
and plane the strips up again till correct. 

When all the inner right angles of the triangles are made, 
place them together to test finally the accuracy of the joint of the 
whole plate, and presuming they are correct, ns they should now 
be, proceed, to glue the pieces down on t]ie surface of the wood 
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, one at a time, taking care to leave a margin of the deal founda¬ 
tion projecting all round, and the inner joints true and close, with 
no dark lines of glue showing. There is no need to wait for the 
drying of each piece before glueing down the next. They may 
be put down immediately after 
each other. 

Fig. 166 shows the glued uj) 
exercise, with the projection of the 
foundation all round. 

Into this ledge nails are driven 
a little distance, as shown, us close 
as possible to the edge of the 
parquetry, and as they are driven 
in, these will tighten up tlus joints 
and serve instead of a cleat, the 
use of which is not practicable in 
this exercise. 

When the joints are quite dry, 
the nails should be withdrawn and 
the outside edges shot true with 
the wood screwed up in the vice. Fio. ico. 

The shooting board may he 

used for this edge planing, but boys are frequently not strong 
enough to do the work well in this case; and having greater 
power oser the plane as it is ordinarily U8ed„th« pupils should 
be allowed to screw the model in the vice and shoot the edges 
in the usual way. , 

The model being now practically finished, clean off the glue 
with the jack plane, and then finish up true and smooth on both 
sides and edges, with trying plane and smoothing plane. 
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EXERCISE VIIL Fio. 167 

THE ANGLE BniDLE, OB OPEN MORTICE AND TENON JOINT. 

A fresh tool—the mallet—is introduced in this exercise. 

The drawing should be an isometric projection of the finished 
joint, but with the small projection of the tenon cut off smooth. 

A piece of yellow deal, If in. by 
1 in. and 1 ft. long, will be required, 
and should be planed up true to 1 j in. 
by I in. Mark with a square and 
pencil completely round one end at the 
depth of the mortice, If in., ns at a in 
tig. 168, and at the other end a cut line, 
B, at a similar distance from the end, 
for the tenon. The reason of this is, 
that the cut line will be obliterated in 
sawing out the shoulders of the tenon, 
but, on the other hand, it would not 
do to mark outside of the mortice 
cheeks with cut lines, as they would spoil the appearance of the 
joint when put together. 

In setting out the wood, as in fig. 168, the mortice and the 
tenon should be i in. thick. This will allow for cheeks in. 
thicker than the mortice, and will provide for sufficient'Btrength 
in both the mortice and the tenon. The general rule is to make 
the mortice a third, or a little less than a third, of the thickness 
of the wood. 

There are two ways of marking out the mortice and tenon. 
It the marking gauge is used, take a chisel nearest in size to 
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the width of the reijuired mortice—iu this case J in., place tlio 
edge in the centre of the mortice and parallel to the end, and, 
with a blow of the mallet on the chisel handle, stamp a out line 
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which will serve a.s an index to the ganging of the parallel linos 
of both mortice and tenon. Set the marking-gauge to the end 
of the stamped line, nearest the face side, and gauge a lino to 
the end, across the eiwl, and down the back edge to the pencil line. 
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At the other end, gauge corresponding lines for the tenon. 
Reset the gauge to the other end of the stamped line, and gauge 
similar lines to those first made, at both ends. 

The other plan is to use the mortice-gauge. First set the 
teeth of the gauge to i- in. apart, and adjust the stock to -j'ly in. 
from the nearest tooth. 

The accuracy of this adjustment can he tested by trying it 
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from the face and opposite sides of tlie wood, and, when satisfied 
that it is correct, mark out both mortice and tcncm. » 

Great care must he taken in sawing out the shoulders 
and mortice, as in ijg. 169, to ensure a well-fitting joint. 
Commence to saw, as in fig. 170, of course, cutting just out¬ 
side the lines if the tenon end, just inside them if for the 
mortice. Inlawing, it is as important tlmt the cut of the saw 
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should be true on the back edge as on the top and face edgt>, 
which can be seen while guiding the saw. 

To ensure a true cut on both front and back edges, let the 
saw gradually assume the positions shown by the dotted lim s 



in fig. 171, till the depth on the face edge is reached. When 
both cuts on the face edge have been sawn in this manner, turn 
the wood round in the vice, and finish the cuts from the back. 
Those on the face ^edge now act as guides, but this time 
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the strokes of the saw should be horizontal, as shown in 
fig. 172. 

When the mortice and tenon are sawn down in this way, the 
shoulders of the tenon can be cut with the tenon saw, and the 
mortice completed by removing the core. Hold the ^-in. firmer 
chisel vertically, near the end of the mortice, and give the end of 
the handle a rather smart blow with the mallet, grasping both 
tools as shown in fig. 173. Do not attempt to drive the chisel 
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completely through when commencing. After making one ver¬ 
tical cut about I in. deep, so that the chisel is just driven in, 
but can be easily removed, make another cut further away from 
the end of the mortice, with the chisel sloping away from the 
body. This cut irenioves a small wedge-shaped piece of wetste, and 
the next blow, with the chisel held vertically and a little closer in 
towards the end of the mortice, sinks deeper into the wood. The 
next cut should be a little further out, and will make the wedge- 
shaped pit deeper and larger. Fig. 174 shows the effect of the 
alternate vertical and inclined cuts. The' waste, or ‘ core,’ will 
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work out in pieces after cacli blow, ami the chisel slunikl l)p 
used as a lever with the inclined side of the cut as a fLib-nun, 
to assist in its removal. 

After mortising about halfway through, llnish from the 

i'cver.se side, and linnily 
|)are tlic en I of Ihe 
inoi'lice quite sniootb, 
but do not touch tin; 
sides, whicli should give 
a true lit from tlie saw, 
and tlie shoulders of the 
tenoBi also shoidd not 
rcBiuire any paiing. 
Imbed, it niiiy b(‘ le- 
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garded a.s a general rule that a joint which does not lit Ironi 
the saw Mono is to some extent a failure. ’ 

Besides the obvious desirability of performing the sawing as 
accurately as possible, and so saving time and trouble in using 
another tool, there is this important objection to paring—^viz., 
the smooth surface left by a chisel does not hold the glue so well 
as docs the slightly rohgh surface of the saw cut. 
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Now cut the wood in halves at o, fig. 168, and put the joint 
together, as shown in fig. 167. As a consequence of the depth of 
the mortice and tenon, ^ in. of both mortice cheeks and tenon 
will extend beyond the joint. These projections should be 
removed by edge planing from the corner of the joint inwards. 
The fibres would be broken out if the planing were done in the 
opposite direction. The faces of the joint should be cleaned off 
with the smoothing plane, but no glass-paper should be used. 

MODEL VlII. Fio. 175.- A LAMP OE VASE STAND. 

Face and edge planing, angle ))ridle joint, parquetry laying, 
and blocking are involved. No fresh tools aro required to make 
this model. 

The drawing should include all those in the illustration to 
give a correct representation of all the dimensions of the model. 

Pour pieces of wood 7 ins. long and 1 in. square will be 
required for the outside framing. These may be in two colours, 
or all of the same wood. 

The grain in the pieces of parquetry runs parallel to the 
edges of the square, and the opposite triangles being of the same 
wood, two rhomboidal slabs, one of mahogany or walnut, undone 
of sycamore or bass-wood, will be required, 6i ins. in length on 
the greater sides, but in cutting them out, as in previous exer¬ 
cises, timber can l^e saved by sawing each rhomboid successively 
from a plank of the correct width, 3^ ins. and i in. thick, using 
the bevel set at 46° ^ 

The base of the parquetry should be a slab of yellow deal 
in. thick and 6^ ins. square. The blocks to support the slab 
are made from a strip of any common woqd i in. square. 
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Having planed all the wood true, the framing had better bo 
made, and as each side will have a mortice at one end and a 

Section on a n. 




riivii ot puitiou ol I'.ifk. 



Isometric i»rojcction of joint at the angle of the framing. 

Fio 175. 

tenon at the other, they can bo all held together, and made of 
absolutely equal length by squaring a cut line across close to 




222 


MANUAL instruction—WOODWORK 


each end. marked on the face side. Note the face-mark in the 
illustration (fig. 176). Mark a cut line at one end and a pencil 
line at the other, to give the depth of mortice and 
tenon ; when the joints are fitted together, the 
sides will be of equal length. 

Complete the angle bridle joints as in the 
previous exercise, but do not glue them up yet. 

The rhomboids for the parquetry should 
now be very carefully sawn in halves along 
the short diagonal, and shot true on the long 
edges in the shooting board. Now one of the 
shorter edges of each piece should be shot at 45° 
and the triangle finished, so that its altitude is 
3 ins. full, and the long sides when finished are 
consequently a full 6 ins. in length. The four 
pieces when placed together will make a square. 

The triangles can now be glued to the foundation of yellow 
deal, which will be large enough to admit of nails being driven 
in outside the corners of the parquetry to hold the pieces together, 
as in Exercise VII., fig. 166. 

'When the glue is quite dry cut off the J in. of waste in the 
foundation, and plane the edge of both parquetry and yellow 
deal down to the exact dimensions—the parquetry was purposely 
left ‘ full ’ dimensioned, or a shade over the measurements, to 
allow of this. ' Glue the framework round the inner pjate, and 
glue the joints together. The top of the parquetry should be 
level with the joints, or stand up very slightly from the surface. 
Before the glue is properly dry, the blocks on the back should be 
inserted, as shown in the back plan of portion of the plate in 
fig. 175. When the glue is quite dry, finish the model with 



Fio. 170, 



BENCH WORN 


32i 


trying and smoothing planes, taking care, in cleaning the edges, 
to plane inwards from the corners across the end grain of the 
framing to prevent breaking it out. 


MODEL IX. Fio. 177.-A BRACKET. 


Stop sawing is the new operation introduced hero. 

The drawing should be plan, elevation, and side elevation, as 
shown. 





Plan. 


Fio. 177. 
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Two pieces of bass-wood or yellow deal will be required, one 
7 ins. by 2| ins., J in. and the other 1 ft. long, 4^ ins. 

wide, and | in. thick. These are large enough to allow of waste 
in preparation. 

After planing up the wood true, set out on the large piece 
tho shelf and bracket, as in lig. 178, and on the small piece, the 
back. It will be found advisable to com¬ 
mence the work by cutting out the bracket. 
First cut out a large concave curve to the 
dotted line, as shown, and then with the 
tenon saw cut the shoulders of the small 
convex curves, which can be completed by 
vertical paring. The large curve should 
bo completed with a spokeshave, and 
the small ones with a flat file, but this 
should be used as little as possible, being 
only intended to do what is impossible with 
the chisel. The bracket can now be cut off, 
and the groove in the face side of the 
shelf may be made. This groove is at right 
angles to the grain of the wood, and after 
making cut lines for the sides over the pencil 
lines, cut from the back end of the groove 
along both edges for a little distance with a 
chisel, and inoerting tho point of the saw, as in fig. 179, 
making very short strokes, saw out the sides of tho groove. 
Eemove the waste, or core, by horizontally paring with a f-in. 
chisel. 

Saw off the waste pieces iit the ends of the shelf and shoot all 
tho edges trqe with trying plane or jack plane. Make the outside 



Fio. 178. 




BENCH n OKK" .^.>5 

corners of the shelf round, the curve oxtendin;,', as hIiowu, ] in. 
along each edge. 

Saw the notch in the back of the bracket as m Ibe side 
elevation, 1 in. long and i'’,, in. deej), and saw and |ilane a. 
similar amount otf the back of the shelf. 

The small piece for the back, which has already been planed 
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to Tifin. thick, should now be made to the proper width, and the 
waste at the ends cut off. Cut off the corners to be subsisjui'iill)' 
rounded and plane the ends true and .sipinre. The fibres will not 
he broken if the planing is done after the corners are cut oil', and, 
<jn the other hand, these must not be rounded till the ends are 
^aned. Finish the corners and boro the two holes, using a 
' jj-in. centre bit. Complete the back by sawing otf the bottom 
corners and Bhooting them with the trying piano. I’lit the 

Q 
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HKlnodel togeitkw by nailing the shelf on to the bracket with about 
. three oval steel brads 1 in. lo^g, at regular intervals, and then 
nail the'back *to the bracket and shelf similarly. 


EXERCISK IX. Eio. 180 

LAI'l'KD HALVING JOINT. 

This joint is really an outcome of Exercise I. 

The sketch in fig. 180 is all the drawing which will be 
necessary on. paper. 

A piece of wood 10 ins. long, If in. wide, and 1 in. thick will 
be required. This should be set out as in fig. 181, dividing it 
into halves by a line completely round the 
wood, and marking with cut lines two 
grooves on opposite sides to half the depth 
of the wood, and of the same width, as it is 
to be finished. If in. 

The reason for marking these grooves 
on opposite sides is, that when the wood 
is cut apart and the joint put together 
the original face side will appear in both 
pieces on the same side. This might in 
actual work prove an important considera¬ 
tion, as the best possible surface* may be 
wanted, and the face side has originally 
been selected on account of its sujicriority. The grooves should 
be sawn and pared out, as in tig. 182, and in shooting the 
edges of the wood afterwards, be^,very careful to make them 
perfectly at* right nnglos to th^-taces, and on no account 
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reduce tlie width to less than the breadth of tb*' grooves, or 
there will be a loose, badly made when the two pieces are 
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put together. When planed up correctly, cut the wood in halves, 
and make the joint. , 

If really well made, the jiarts can be fitted tightly yet easily, 
and if taken apart, and one piece turned round, it should fit 
equally well. The d(‘pthof the grooves, too, should'bn equal, and 
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exactly lialf the depth of tlio wood in a good joint, so that there 
is nothing to be ‘ cleaned off ’ when the joint is finished. There 
is no need to glue the joint, as it is not to ho put to any prac¬ 
tical use. 

MODEL X.-AN OXFORD PICTURE FRAME. Pio. 183. 

This model involves the fresh exercise of chisel modelling on 
the face of the frame, the mount should only he attempted in 
lare cases. 

In drawing this model, the complete llgnre need not ho 
attemjited if the detailed drawings of (he parts are made. 

The dimensions of the frame are not given, as it may ho 
wanted in any size, hut it would he well not to attempt anything 
larger than 15 ins. hy 10 ins. 

Taking these measiireinents as a basis, 10 ins. hy 7 ins. inside; 
two strips i ill, hy Ij in. and 15 ins. long, and two I'd ins. long, 
hut otherwise of similar dimensions, will he ro(|uircd. 

These four pieces of wood are planed up true to their proper 
size, set out, and lialf-lapjicd together. In order to ensure a 
true rectangular fra.ming, they can ho sawn in pairs. Two of 
the pieces can hecleated together, or screwed np in the vice with 
the two face edges together, and the grooves in each end marked 
and sawn out. 

The other two strips should he similarly treated, hut the 
grooves should to cut on the reverse side. , 

Gauge the rebate between the grooves from the face side on 
the inner edge of each strip ^ in. and on the hack j’j in. away 
from the inner edge, as in the section on a b, fig. 183. 

The rebate could he removed with the rebate plane, hut it 

would take out the whole of the wood to the end of the ‘ horns,’ 

' < ’ 
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as the small exterior processes of the frame are usually called. 
This is objectionable, and moreover it is not desirable to intro¬ 
duce the rebate plane yet. The removal of this rebate is effected 
with the chisel. First make cuts at right angles to the line 
gauged on the side, in the waste to be removed, and as deep as 
the rebate is required—in. (sec fig. 184). This has the effect 
of separating the waste into many small pieces, which may be *■ 
forced out with the chisid, from the gauge line on the side. The 

small pieces of wood which may 
still require to be removed can be 
got out by horizontal and vertical 
paring. The waste at the ends 
of tho horns should bo cut off 
with a tenon saw, leaving a 
little to be pared vertically in 
order to obtain smooth ends. 

Joint up the frame dry, and 
smooth off both back and front true and level, and, after 



numbering each part, so that it may finally go into its right 
place, take the pieces apart. The round top of each strip should 
next be modelled. Witli thumb-gauge and pencil mark the 
depth of the curve on tho edges, and draw a line down the 
middle of the face side, to show tho top of the curve. It will 
be found of assistance to draw the line of curve on each end 
of the strips for guidance in working. This should Ije done 
with tho jack plane in the first instance and finished off with 
glass-paper. Now put the framing together, and with the chisel 
model the transverse curves at the ends of the horns and at 
the joints. 

When the work is finished glue up the joints. 
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The mount should be made from a thin piece of wood of tlic 
.gproper side and planed true. Draw the shape on the face huIo 
and commence by boring out the curve at the corners. Complete 
the rest of the form by bow sawing and paring, and then chamfer 
with the chisel all round. 

*EX,EHC1SI': X. Fid. 18.-< 


A Sllll'.t.l). 

Bow sawing, and modelling witli the cloMd and spoKesbavo, 
are tlie chief exercises in this model. 



Front elesation. Side olctitlion. 

Fio. l«o. 

The drawing should l)e atteiidid to very earefidlv in order to 
impress upon the mind the general foiin of the cuive, as well as 
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tlio correct nieasureiueiitH. All the drawings in fig. 184 should 
bn made. 

The model slioidd not be made of a very large size; the 
dimensions given will be found suitable. Take a piece of some 
soft-working wood, preferably lime or bass-wood, and having 
trued the face and opposite sides, draw the oiitlpio of the edges on 
the fai'e, and with the bow sew cut out the shield, smoothing the 
edges with the .s|iokeslia\e, Mark the depth of the curve on the 
I'dgcB, and on the haelv glue a block of wood of about 2 ins. 
square and screw this in the vice. " 

The work of eiilling down the curve is done with the chisel. 
A hroad-hhnh'd tinner chisel, say 1 in., should boused, and the 
method of cutting is to sweep the edge, held almost horizontally, 
in curves, which follow the shajie in the drawing, and by this 
shearing action the wood is gradually cut down to the proper 
form. In this e.vereise thi! eye alone can be relied on, and con¬ 
stant references should he made to Ihe drawing, to see that the 
shield gradually assumes the correct form. It will he found 
well to take the exi reise out of the vice occasionally, to sec that 
it is being modidied on both sides eorreclly. 

Do not attempt to liiiish any one part before cutting away 
the other parts. This would ineritahly prove fatal. The wood 
should he gradually reduced all over the surface, and finished 
almost simultaneously. 

The siHikeshave should he takiai up after the chj.sel has 
practically complct'od the work, and finally, glass-paper should be 
lightly used, hut the edge all round, and ridge from the point at 
the bottom of fbe sbieUt, wdiieb gradually dies away in the middle 
of the surface, should lie noticeable and sliarp. 

Wlion the modelling of flic front is complete, the block on the 
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buck can be chipped off with a chisel, and the surface cleaned off 
with jack and trying planes. 

The shield in fig. 18G can bo made in the same way as the 
former, but first make the groove, and insert the strips to make 
the cross, before cutting out the shield, or modelling the curve. 
The mitred joints in the middle should be planed in the shooting 
board with tho slop set at -15°. 

hlXKUCISK XI 

DOVl.T.VIL IIAIiVINO. 

The drawing of this exercise need only be the isonielric pro¬ 
jection. Plan and elevation can be made instead, however. 

A piece of yellow deal about Hi ins. long, 1| in. wide by 1 in. 
thick, will be reipiired, and should bo first planed true on faces 
and edges, to the dimensions shown. 

Mark the line halfway from tho end where the wood is to be 
cut in halves, and then draw cut lines to indicato tho shoulders 
of the ‘dovetail ’ (fig. 187), as the wedge-shaped end is appropri¬ 
ately called. The pencil lines on the end of the wood, for the 
sloping sides of the dovetail, should bo made to incline very 
slightly towards each other—so little, that no measurement can 
really be given, but the importance of this slightly diminishing 
dovetail will be ajiiireciatcd in making the joint. 

On the face and opposite edges of the other half of the wood, 
square tw'O peiloil, lines across the thickness, and the width of 
the face apart, 1^ in. Halfway down these lines make gauge 
lines for tho depth of pocket. 

Saw out the dovetail, commencing by sawing down the gauged 
line halfway in the thickness in the same way as for a tenon 
(figs. 170,17.1,172). 



BENCH WORK 


-\?5 

The oblique sides of the dovetail should now be sawn down, 
in this case holding the saw horizontally, and finally cut the 



> > 

Fio. 187 shown the setting out. Fin. 1H8 shown the tlovetiui cut 

iind face of the wood reversed. 

I 

shoulders. Saw the wood in halves, and apply the dovetail to the 
pencil marks on the face side of the other half. The side of the 
dovetail which is on the wood is now slichtlv smaller than the 
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face Hide, and along the line of contact between the dovetail and 
the surface of the socket piece, a cut line should be made with 

the corner of a chisel, as 
in lig. 181). The shape of 
the socket is now obtained 
and can be carefully sawn 
and pared out. I’ress the 
.lovetail into the socket and 
clean the joint off. The 
advantage of tapering the 
dovetail will bo at once 
apparent, as the top of the 
joint when pressed flush 
with the surface of the 
other half will probably give a very good close fit. 

EXEllCISE Xil 
sroreni) dovu-i’mi. ninviNO. 

This is similar to the ordinary dovetail halving, except that 
the dovetail does not go completely across the width of the 
timber. This foi in of halving is used where the end grain of 
the dovetail showing through the outside of the socket would 
bo objectionable. 

The dovetilil siiist then be cut to the exact length re(fuirod. It 
is, therefore, cut off true and square before comnioncing. The cut 
line for the shouldCiV should bo very carefully marked at the 
proper distancii from the end of the wood, at .v in fig. 190, and 
with the gauge set at the same measurement make the line, n b, 
for the socket. 
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The other marking on the socket half \\ill only he on tho 
face edge and face side, and when the dovetail is applied to 
the pencil lines after cutting the wood in halves at e, it will 



Fid. I'.M), ing Fill, im, bhuuiiig 
setting out. (lo\c‘tail cut. 


leave about | in. of solid wood beyond tho socket (see 
tig. 102). 

The socket should be mortised out with a chisel, part of the 
inclined sides being cut tvith the tenon saw. 
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MODEL XI.-A TOWEL ROLLED. Fio. 193. 

Stopped dovetail halving, boring, and modelling with plane 
are here involved. 

Tho drawings showing part of the front elevation, the section 
of the roller, the suctijii through the tniddlo of the roller socket. 



sorlioii tliiough book of bracket \Mtli sectiou of rails, 
biiicket on A B. sliow mg joints. 


l-’in. 103. 


and the section through the rails showing the inside of tho 
bracket should all be drawn, as well as the plan of tho dovetail 
halving joint. 

Yellow deal will serve very well as material for this model. 

A piecoiof wood 5j ins. wide,l in. thi(;k, and 13^ ins. long will 
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be enough from which to make tlie two end brackets, if, afl(‘r 
planing the wood up true-on both faces and edges, they are 
marked eSn the surface, as shown in fig. lOf. As in proviouH 
similar cases, waste of wood is prevented by doing this, and the 
lesson of planning development before commencing work so as 
to economise wood, and yet have the grain in the right direc¬ 
tion, when the part is fitted into its place, should bo thoroughly 
learnt at once. 

The roller can bo of any required length, hut 2 ft. is the 
length chosen here. A roller of the same thicknesB as that 
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shown should li(> nuidr from wood 1 ] in. squiire. The two sup¬ 
porting strips should he eai'h 2 ft. 2 ins. long, by If in. wide, 
and } in. thick. 

Itcferring again to lig. 19;t, inarK out the socket for the pin at 
the ond'of the roller, and on the edges of the whod make ))eiicil 
lines at the correct position for the dovetails. Cut out the 
brackets with the bow saw, and screwing,them together, face to 
face, in the vice, finish up the curve with the spokeshavo and 
file. Bore the socket for the roller and lay the brackets aside. 

Mark the shoulder's of the dovetails and the roller pins, by 
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placing the three pieces of wood side by side, and squaring cut 
lines across tliein all, at the proper distance apart. Draw the 
two concentric circles, showing the curve of tho roller and the 
pin, on oa<di end of tho square strip, as in tig. 195. 

Now cut a littit! way in, for tho shouldei-s of tho pins, before 
conimoncing to model the wood into its finished form. When 
thi' roller is rounded with plane and lile, pare down vertically to 
remove thi! waste wood round the end pins, and complete these 



Imc. 


r.r. 


I’di. 




with a lile also. ,\nv waste onlside the proper haiglli of the 
jiins should now ho sawn olf, and tho roller is complete. 

The dovetails of the supporting strips should bo sawn out, 
and tho socket markeil on the back of the brackets, in tho 
manner described in tho prr'ceding exercisie Fig. 191) shows one 
joint made, ami one dovetail applied in its proper position for 
marking the corresponding socket. 

In putting the parts of tho model together, dovetailed joints 
should be glued, and the roller may either be glued or made to 
revolve by inserting a screw from the outside, through the bracket 
into the ends,of the pins. 
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MODEL XII.-A NEWSPAI'ER RACK. Fui. ]!I7. 

The construction of this model gives practice in planing, 
the lialf lap, and dovetail halving joint, corner chamfering, and 
bow sawing. 

The whole of the orthographic projections should he made 
ns in fig. 1))7, and if considered nece.ssnry in particular ea.ses, liie 
isometric projection can be made. Li this latter, one arm of the 
model is omitted, in order not to confuse the eye l)y the number 
of lines. Bass-wood will be a very suitable matcudal with wliich 
to make this model. 

The base, which, when finished, is to bo i in. thick, should be 
made of J-in. wood 1 ft. 1 in. long and 01 ins. wide. The two 
cleats under the base forming the feet of the rack are to be 
made from a strip of wood 1 ft. 1 in. long and 1 in. S(]Ua.ve. For 
the sides and middle division of the rack, not less than 8 ft. 0 ins. 
of bass-rvood will bo required 1 in. wide by ^ in. thick, but it will 
be well to allow a few inches more for waste. 

A strip of this length cannot conveniently bo planed up. 
It should, therefore, bo cut into three pieces, each long enough 
to make one of the upright pieces of framework. A strip 
-1 ft. 4 ins. long for the large miildle division and handle, and 
for the two sides two strips, each 2 ft. 3 ins. long, will be 
large enough, and will allow for waste. 

Plan* all the wood true to dimensions, and cut up each of the 
thin strips into the required lengths for the parts. In marking 
the joints, and the length of the projcctyig pieces, as many as 
possible should be marked siraultaneouBly, thus; take the four 
itiles (as the upright pieces arc called) of the two similar sides, 
ind arranging them s({ that all the face edges are in one plane, 

u 
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mark the length, and the size of the half lap and dovetail 
halving joints, in the manner shown in fig. 108, using square ami 
chisel. The strips and the stock 
of the square can all be held to¬ 
gether with the fingers. 'When 
marked, the lines showing the 
joints can be, continued across 
the back of each piece separately, 
as shown in fig. 199. 

The grooves for the lialf-la|) 
joints, it must bo obscrvcal, are 
cut in the back of the stiles, and 
in the face side of the rails, so 
that when finished, the face sides 
of alt the pieces arc together. 

In marking the dovetail 
halving joint, allow the dovetail 
to bo at least two-thirds of the 
thickness of the stile; and 
though this is not, strictly speak¬ 
ing, halving, the joint is often 
made in this proportion to ob¬ 
tain greater strength. These 
joints have to sustain tho side 
against* lateral strains, and, to * ' 

obtain greater strength, they may even bo dovetailed in tho 
whole thickness of tho stile. Figs. 200. and 201 show the two 
forms of joints. 

The framework should be all jointed together, and the 
corners of the pieces, chamfered, before being finally glued up 
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and Bcrewed to the base. The handle should be modelled with 
the spokeshavo, as shown in the section on a b, fig. 197. After 
glueing up all the joints and cleaning ofT the surfaces, mortise 




out the slot in the middle of the ends of the base to receive the 
stiles of the large pieces of framing, and then cut and make the 
dovetail halving joint on the edges, and glue all the- framework 
in its place. 
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The supporting cleats for the base should now be idaned up 
true, and the curve modelled with the spokeshavo, chisel, and lib'. 
With IJ-in. screws fasten the cleat to the bottom. 

The screws which enter the bottom of the niiddbi slilis 
should bo put in first, and then those which enter the base in a 
sloping direction. The sides should bo screwed in with 3 -in. screw s, 
preferably brass, and eithisr Hat nr round headed, to give addi¬ 
tional strength. The complete model can now ho touched up 
with fine glass-paper on a cork rubber, but on no account touch 
the sharp corners of the chamfers, or they will certainly be 
injured. 

MODEL Xlir.— A riANdINO NKWSl’APEIt lUOK. Em. 

AS AN ALTEENATiYI'i TO THE rUEClHtlNO. 

The drawing of the front elevation shows on one side the 
hack, and on tlie other the appearance of the com[iloted rack. 
The side elevation should Ik; made, and if the rails have been 
drawn in the elevation, they need not be made as shown in the 
new projection on the side elevation -another case of change of 
ground line. The plans show the joints of the bottom rail and 
the sloping front. The two methods of putting on the rails, by 
simply nailing, or by grooving and nailing, are also indicated. 

Yellow deal, bass-wooil (.Yraerican lime), or walnut will all 
make good material for the model. For the back framing, three 
strips,^each ins. by in. by 1 in., will bo required, from 
which to make the top and uprights, and one Lit ins. by ti ins. 
by 1^- in. for the bottom rail. 

The sloping front will lasjuire two strips 13^ ins. long and 
J in. tliick^ but one should be 1 j in. wide while the other should 
be 1^ in. These pieces are for the top and bottom rail, and on 




Plan of front with raxls let in. 
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tliese the laths are to be fastened. These are made from seven 
strips § in. thick, 1 in. wide, and 1 ft. long. 

The two end posts of the front can bo made from two strips 
1 ft. long and 1 in. square. 

The back framing should be planed up and made first. Tin; 
top rail is halved into the stiles, as shown in the isometric pro- 




jection,,.4, in fig. 203. These joints are screwed up from the back 
with |-in. screws. The bottom rail is notched out at the end, 
to take the upright stiles, is, in fig. 203. The bottom rail and 
back, it will be noticed, are not secured with the half-lap joint. 

Before putting in the bottom rail, however, the front edge 
must be bevelled off with the plane to the required angle, 
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marking on tlie ends and one side the waste to be removed, and, 
as the planing progresses, testing the work with the bevel set at 
the same angle. Screws in. long should be used to fasten 
the rail and hack together. 

The sloping front is made similarly to the back, the top is 
halved into the end rails, making the notched halving joint as 
shown at a, in iig. 201. 

The bottom rail is jointed in the same way as shown in 
fig. 201, ii. 

The parallel strips to make the sloping rails should be 
(ilaned up true to dimensions, the top corners chamfered otf, and 
nailed on at the proper intervals. The horns on both pieces of 
framing should be chamfered and made true by vertical paring, 
and the tw'o holes in the top back rail should be bored. The 
slo[)ing front can be screwed on, u.^ing l,[-in. round-headed 
screws, when the model w ill be complete. 


MODl'ih XIV.—A HCIIOOL 1>KN T1!AY. b'ui. 205. 

This is an easy and attractne model. All the drawings in 
fig. 205 should be made, and an isometric sketch can bo e.xccuted 
as wi'll, but the shape of the curved handle is difficult for children 
in this case if drawn isometrically. 

Yellow deal will be good enough to make this model from, 
though, of course, it can bo mado of any more- ornamental 
timber. 

One piece, 1 ft. long, 9 ins. wide, and *{ in. thick, will be 
reciuired for the bottom' of the tray, and two strips, 1 ft. long by 
2 ins. wide and § in. thick, for the upright sides. For the sloping 
ends two pieces, 8^ ins. long by 2^ ins. wide and J in. thick, are 
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wanted. The middle handled division is somewhat deeper than 
the sides; the dimensions for this piece may be 8 j ins. wide ami 
11 ins. long by g in. thick. 



Si'( fidiial oltjv atuiii on \ n 



O 

riaii. 


Ki«;. 20-;. 

Plane up all the wood to the re(|uired'tbicknes.s—|in., and 
;t out the sides. The two sloping sides can be marked out to 
be dead length, 1 % ins., and the grooves marked on them. To 
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obtain absolute similarity, they should be held together and 
marked simultaneously on the face edges, the linos being after¬ 
wards continued across the back of each piece, so as to show the 
face or best side outwards in the completed tray. The two 
upright sides should be similarly marked on the face edges, and 
with the bevel set at 100’ the groo\cs and ends can be marked 
across the back. The four sides can now be cut off to their 
proper length, and the grooves cut out with tenon saw and chisel. 
Nail the sides together, as in fig. 20G, using |-in. oval steel brads, 
in driving these in, malu! the two end ones incline towards each 
other, as shown. This is done to give greater strength against 
any outward pressure on the sides. The edges of the sloping 
sides now project on their outer angles, and should bo planed 
down flush with the edges of the sides. 

The handle should now bo prepared by cutting out the two 
large top curves with a bow saw and making the hole for the 
lingers. After boring the two holes which form the ends of the 
curved opening, they can be connected by sawing with bow saw, 
or by vertical paring with a small firmer chisel, and the rounded 
curve (see section) produced with a file. The small concave 
curve at each end should not be made yet. The handle should 
be cut off to the exact angle, and to the proper length. Insert 
the handle, making sure it fits the grooves in the ends accurately, 
and nail it in from the outside of each end, in the same manner 

as the sides were nailed together. 

* 1 • 

Next, plane the bottom on the edges, to the exact dimensions, 

and nail it on to the framing. There is considerable risk of 
driving a nail so as to show its point through the side of the 
tray. To prevent this, place the framing on the bottom, and 
with a pencil draw round the inside of each half at the junction 
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of the sides and bottom, and tlien draw parallel limis to these 
g- in. further out. This will give the precise place to insert tlu‘ 
nails. About four in each piece will ho enough, and these, like 
those in the side, should be inclined somewhat to give greater 
strength. 

Holes should he carefully bored for the nails, to lesson the 
danger of breaking through the sides. The holes for the nails 
in the sloping ends must slope at the same angle, and to make 
sure of getting them cornict, they should he bored from the inside, 
and the nails put in where the point of the 
bradawl comes through on the outside. 

The small concave curves at the I'luls 
of the long sides, and the central division, 
should be pared out with a chisel re¬ 
versed—with its hack downwards. 

The method of using the chisel to form 
this curve is indicated to some extent in 
lig. 206. As the edge is pushed in away 
from the pupil, the handle should bo depressed, as indicated by 
the arrow. The curve should he lightly touched with file and 
glass-paper, but the chisel, in the first instance, must ho used to 
make the curve as true as jwssihle. 
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EXERCISE XIII , ■. 

WEDGED MOHTICU AND TENON JOINT. FlO. 207. 

The drawing should he plan and elevation, or isometric pro¬ 
jection, but ip the illustration other details are shown to enable 
the student to more readily understand the construction. 
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A piece of yellow deal 11 ins. long, 2 ins. wide, by 1^ in. thick 
will be required. 

Plane it up to the dimensions, and mark the usual line half¬ 
way from the ends. 

Pig. 208 shows the sotting out, and fig. 200 shows the wood 
prepared. In this case, however, the wood is turned round, 
showing reverse edge. 

To set out, preparatory to commencing work, first mark the 
width of the inortico IJ in. on the face edge. Prom the end of 

these square lines, 
across the face 
side, and continue 
them across the 
reverse edge. On 
this back edge 
make two lines 
each i in. far¬ 
ther out, to gi\ e 
the space for the 
wedges. 

At the end of 
the other half of 
the wood make a cut line on all four faces, for the shoulders 
of the tenon. This should be a little longer than the depth 
of the mortiae, so that when put together the end .will show- 
through. The mortice and the tenon should bo exactly the 
same size, and the mortice-gauge is used to ensure this. Take 
a chisel of the same width as the thickness of the tenon, and 
use this to test the setting of the mortice-gauge. , 

As a general rule the tenon should be one-third the thickness 
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of the wood, but chisels, nominally of tlie same dimonsioiiH, fre¬ 
quently vary slightly, and it is desirable to use one which will bo 
the exact width of the mortice. The mortice and tenon are, thore- 
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fore, made to* the same size as a chisel, which is practically, 
though perhaps not exactly, one-third the width of the wood. 
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Having markefl the dimensions of the mortice from the face 
side, using the tool in the same manner as the marking-gauge, 
the tenon should be marked on the end, and both edges, without 
altering the adjustment of the gauge. Take the mortice 






Fm. 210. 

• . • 

chisel and carefully place the edge at right angles to grain, near 
the middle of the woctd to be removed, on the back edge, to make 
the mortice, and, holding it upright, give the end of the handle a 
good square blow with a mallet. Fig. 210 shows iSie method of 
using the mortice chisel. 
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It will be noticed that the face of the chisel is towards the 
operator. After making one cut (not too deep) take out the chisel, 
and proceed towards one end by a series of parallel cuts about 
i in. apart, prising out the waste, or core, with the chisel, by 
simply pulling or pushing the handle over after every cut. The 
chisel should bo turned round after every few strokes, but the last 
stroke given should bo with the flat face of the chisel towards 
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the end of the mortice, in order that a true clean surface may 
be left. 

As the mortising goes on, the cuts should l)e made deeper. The 
ends of the mortise from this side should be made to slope 
inwards, as shown in fig. 211, to give room for the wedges. 
After mortising out rather more than half the depth, turn over 
the wood and) finish from the face edge, making upright ends to 
the mortice from this side. Out out the tenon, sawing just to 
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the gauge line, but be careful not to saw inside it, and then cut 
the wood in lialves in order to join the two pieces. The two 
pieces of the joint, if successfully made, ought to go together 
without much pressure being necessary, and, on the 
other hand, they should not be loose. 

Fig. 212 shows the shape of the wedges. They 
■should be driven in with swinging blows from a 
hammer. In doing this do not give short sharp blows, 
but rather let the face of the hammer dwell on the 
top of the wedge at each stroke, in order to prevent 
any possible tendency to jump out. 

From fig. 207 it will be seen that when the 
wedges are inserted, the joint becomes dovetailed in 
shape, and the object of the wedges is to make this 
dovetail, winch gives the joint its strength under pulling strains. 
The iinportant fact whii-h must bo considered in making this 
joint is the subsequent shrinkage of cither half. Now as the 
wedge is driven in, the greatest crushing strain it has to sustain 
is near the blunt point, but if the wedge had a sharp point, 
the greatest strain would be near the thick end. 

Shrinkage in the mortised half would cause the joint to open 
most at the outer end ; and if this is the point of greatest com¬ 
pression, as with the pointed wedge, thejoint once opened will be 
very insecure; but if the outside of a joint made with a blunt 
wedge were to ,)pcn somewhat, the inner, less affected end, would 
still keep tight. The blunt wedge will, moreover, compress the 
fibres of the tenon most at the point of greatest strain—the inner 
end of the wedge, and will thus cause the tenon-itself to assume 
a very slightly dovetailed shape ; but with a pointed wedge the 
greatest strain will occur at the outer end of the tenon, and its 
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^ fibres will be crushed at that end somewhat, so that any pulling 
strain on the tenon from the other side would bo more lil;ely to 
cause the joint to come apart—in fact, destroying to some extent 
the very object which the introduction of the wedges is intended to 
attain. The wedge, as will be seen in fig. 212, should bo made with 
nearly parallel sides, and with one corner of the point pared olT. 

Another method of making the joint adopted by cabinet¬ 
makers, with whom strength of construction is not so great a 
consideration, is to insert the wedges—pointed ones- into two 



saw-cuts across the end of the tenon. These wedges have the 
effect of forcing out the fibres of the outer edges of the tenon till 
they fill the sloping portion of the mortice. 

Theit are several objections to this method ’of making the 
joint, but the most serious is the breaking of the fibres of the 
tepon at the middle of the joint, where tiiey are forced by the 
outward pressure of the wedges to assimilate themselves to the 
sloping side* of the top of the mortice. Fig. 213 shows this 
form of joint, with respiting broken fibres and split sail. 

s 
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MODEL XV.-~AN Ari’LK'ATlON OF TTIK MOllTICE AND 

TENON JOINT IN MAKIN(i A MIIIUOR FRAME—liE. 
BATING: Fio. :Mi. 

The drawings slioiild bo tlio elevation and tlie veiTical and 
horizontal sections. 

E’or the two sides and the hnttom rad, throe stri))s 
of j’ellow deal or hass-w'ood, li in. wide and 1 in. 
thick, will bo reijnired, two of them lA ins, and one 
10^ ins. long ; the top can be niad(! from a j)iece 
10| ins. long, ins, wide, and 1 in, thick. 

Id ane all the piici's true, but do not make them 
(piite to dimeiibions. as about in. on ( acli face and 
edge will be removed after the frame is glued up, in 
cleaning olf the work. 

In Setting out, as usual, mark similar pieces 
siniultaneonsI\, 1 emeniliernig that the face sides must 
all be togiUlier, making the front in the linished model, 
and the face edges must be inwards. I’lace the face 
edges of the two.stiles together and mark out, as in 
fig. 215. After marking all the dimensions on the 
face edges in pencil, turn the wood over, and continue 
on the face side, and from there on the back edge, 
the two lities which show the ])osition of the moi»ticT’ 

!.c. the second and third lines from each end. Now 
set out the tenons on the two pieces of wijod for the 
top and bottom rails. TIn se are of nnequal width, 
and the bestf way to nmi k them is to lay one on toji of the 
other, with the face sides together, at the edge of the bench, with 
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the edges together, and mark them simultaneously, using the 
square vertically. 

Two short lines, extending about j in. into each piece, and 
7 ins. apart, as shown in fig. 216, should be first made, and 
then the long ones in. further out toward the ends. Continue 
the short lines on the face side, and the long ones on the hack. 


rH- 




Fio. 216. 



Fifi 217. 


This gives the shoulders of the tenon, but the shape is shown 
in the isometric sketch, fig. 217. 

Now mark anfl cut out with the bow saw the oiirfre in the 
top rail. Finish this off with the spokeshave. Having removed 
most of the waste wood from this rail, the pupil can return to 
the joint, which should be marked out with the mortice-gauge 
set to a i'in. chisel. ‘ 

The rebate can now be marked with the single-toothed gauge. 
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eet to in., on both face edge and back. Now inortihc out tbo 
stiles as in the previous exercise, and saw down the checks of tho 
tenon, hut do not cut the shoulders yet. The rebate plane is 
taken up to make tho rebates, for in this case it is nuicli easier 
to rebate out along tho entire length, and then re-insert a smalt 
piece to complete tho horns to tho original shape, than to labo¬ 
riously cut out tho rebate with tin; ohisel. There is another 
method, involving the use of certain metal pianos, but this plan, 
for various reasons, could not bo adopted here. 

Screw tho wood up in the vice to make, the rebate, hold tlu! 
plane firmly round the back portion with tho right hand, steady¬ 
ing and holding it with the left hand. At first tho plane should 
be held vertically, and after planing nearly down to the gauge 
line turn the plane on its side and finish tho upright side of 
the rebate. Fig. 218 shows tho operation of rebating with 
plane in a horizontal position. 

The ends of tho rebates beyond the mortised holes should ba 
tilled up by glueing in small pieces of wood, and the tenons can 
now be completed by cutting the shoulders. The wedges should 
be prepared, and the rails can now he fitted into the stile to test 
their accuracy, and if correct the work may be glued up. Cover 
the tenons plentifully with very thin glue, and put each tenon 
into the mortice to which it belongs—they had better be pre¬ 
viously numbered to prevent confusion. Tho iron cramp should 
be used,to pull each joint tight up. Two cram^ia^an be used, one 
at each end close to tho mortices, but not outside on tho horns, 
or one only used alternately at each end ; in any case wood should 
be placed between tho cramp and the model to prevent injury. 
Unless grejt care is used in screwing up the cramp or cramps, 
the work will be pulled out of its proper rectangular form, and. 
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ill fact, the greatetit care will hardly jn-eveiit this, unless the 
(liat'oimls are iiieiisiired and any error corrected. 

The best method of measuring is to take a strip of wood and 
measure one diaj'onal lirst, nial<inj 4 a mark to denote its length, 
then apply this measurement to the other diagonal, and mark 
the new measiireiiienl over the old. If there is .a difference, as 
there possibly will be, another mark midway between the twi^ 
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nlready made must necessarily give the correct measurement, and 
the work can then be screwed up again to give this diagonal in 
both directions.' " ' 

Now while the joints arc in tho cramps drive in the wedges 
and leave th(> model Hill the glue is dry, taking off the cramps 
before tho work is put aside. When the work is resumed, finish 
the model with a, smoothing plane, just tonchimr iih the curved 
top with glirss-paper. 
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MODEL XVI.-TRIANOULAU FlUMIN(t OAKliYlNd 
SHELVES, Fui. 219. 

TliiB model gives a slight variation of the dovetailed halving 
joint, and another application of the wedged mortice and tenon. 
It is somew'hat diflicnlt, and involves a largo amount of material: 
exceptional boys only should therefore bo allowed to attempt it. 

The front and side elevations, and the plan in tig. 219, should 
all be drawn by the ))upil. 

The wood roipiired for this exercise yellow deal or b.iss^wood 
—is as follows : - ■ 

For the stiles, two pieces 1 ft. 7 ins. long, in. widi', iind I in. 
thick; for the rails and struts under the shelves, eight pieces of 
1 in. by J in. wood, two of them 6 ins., two ti' ins., and four 
8 ins. long. Two pieces of -in. wood, one of them (ij ins. and 
the other ins. wide, and each 2 ft. a ins. long, will be wanted 
for the shelves. 

Commence work on the framing, and having planed it all 
true and just over the dimensions, to allow for the linal cleaning 
off, set out the mortice and tenon joints, niarkiiig the ojiiiosilc 
similar pieces together, as in previous exercises. Make the 
mortices in the back, and cut the tenons and wedges. 

To make the lapped dovetail joint, first cut the dovetails, 
then put the rails into the mortice of the back and lay the struts 
in the position they are to occupy ; this gives Ijie sliajie of the 
socket, which can bo marked with a chisel, round the line of 
contact of the two pieces of wood. Cut out tlie sockets in both 
back and rails, and lit up the framing without glueing it, to test 
the joints.. They should be correct, but in actual work a 
common fault is to make the two brackets on the same stile not 
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exactly in the same plane, so that when looked at from the front 
one of them appears twisted. 

This fault may be discovered at once, or, if not existing, it 
may be created in cramping up, the glued joint unless great care 
is taken. On the other hand, any slight ‘winding’ which is 
now visible may perhaps bo corrected in cramping up. 

The joints may now be taken apart, plentifully glued, and 
cramped up. The cramps should be applied to the end of the 
rail and to the back, just below the mortice. This has the 
effect of pulling up all the joints in the triangle, and when the 
wedges are driven in, and the glue is well squeezed out, the 
cramps may be removed. The corners of the brackets and 
back stile should be rounded off with a chisel used vertically, 
finished with file and glass-paper, and the holes bored in the 
back. The shelves should next be planed up true to diinen.sions 
both on face edges and ends, and the corners rounded off to 
match those of the framing. 

Saw out the notches to allow the stile.s to pass througli, and 
fasten the shelves to the rails, using three nails or screws to 
each bracket, in. long. 

MODEL XVII.—AN INLAID HANDLED TllAY. Eio. ‘220. 

This is an attractive model, and gives a good drawing lesson. 
Both side, end elevation, and plan should be madb. 

The inlaying in the base of this model is the new tool opera¬ 
tion introduced here, involving the use of the router. 

The base is made from a stout piece of green-coloured bass¬ 
wood 1 ft. l*ng, 6| ins. wide, and J in. thick. The long sides, 
each 1 ft. long, 2^ ins.^wide, and ^ in. thick, and the.short sides. 
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6 i ins. long, 8| ins. wide, and j in. thick, should not be of the 
same material as the ))ase, but made of some pretty wood, such 
as sycamore, or, if a dark colour is preferred, of walnut or 
mahogany. The inlay pieces, pairs of contrasting colours, one of 




which should be the same as the material selected for the sides, 
can be made from wood ^ in. thick, and a saving can be effected 
by cutting the pieces for several models out of one stcip of wood. 
The base should first be made true on^ both faces and edges, 
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and then the pieces of tliiii wood for the inlay work should b(! 
shot true on the edj'es in tlie shooting board, and then onrefullv 
glued together, and to a sheet of paper face side downwards. No 
hard projecting pieces of glue must be allowed to show on (dther 
the edges or the surface of the inlay pieces when dry. The glue, 
therefore, should be very sparingly used, very little being 
really required. 

^Vhen dry, the an is of the back edges of the inlay ])lato 
should be justtalaai off with a tile, and, placing it 111 its proper 
position on the base, mark the outline with the point (d'a |-in. 
chisel. 

'I'lie inlay must be held liriuly down, and if the fingers 
cannot be trusted tin; luddfast should be used. 

A bev(d-odged idiisel will be found best for this pur|)ose, or an 
ordinary' firmer chisel can Ix! readily ground as a substitute. 

The corner will now be found more suitable for marking the 
exact outline of the inlay plate than that of an ordinary 
chisel. 

The inlaying will be a little less than | in. deep, say 

in. In order to facilitate the use of the router, the surface 
can be bored a little all over; or with the chisel useil vertically 
and horizontally, the puiiil can remove some of the waste, and 
when enough has been so cut out, the router should be taken 
up to make the surface smooth. Adjust the router to give the 
proper depth—in.—and gras]) it as in tig.,2‘Al, which shows 
the recess of this inlaying being made. 

The router cannot be used to cut oqt tl'.e waste completely 
into the acute angle, but this can be finished with the bevel- 
edged chisel*or th(! point of a bradawl. When the base is pre¬ 
pared for the inlay and the recess is quite clear, the plate may be 
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glued in with the face side, i.e. the papei', upwards. The great(;st 
care must be taken in pressing this into its place, and the reason 
for removing the arris on the under side will now be apparent. 
When the plate is put o.xactly into its place, it should he gently 
forced into the socket. To prevent the breakage of the middle 
joints, place a largo piece of wood across the whole inlay, and 
lightly tap this with a hammer till the inlay is in its place. The 
base of the model may be loft now till dry. The long sides 
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being similar can be tacked together where the housed joints are 
to be made, and after shooting true the face edges, which will 
go downwards in the linished model, the outline of the top 
should bo drawh at the proper distance from this edgts Bore 
out the holes, partly from both sides, and finish the curved 
form with the bow saw and spokcshavc. The two handled ends 
are made similarly, the curved opening of the handle should be 
finished with a chisel. » 

The housing joint in. the sides can now be made, and then 
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and then the pieces of tliiii wood for the inlay work should b(! 
shot true on the edj'es in tlie shooting board, and then onrefullv 
glued together, and to a sheet of paper face side downwards. No 
hard projecting pieces of glue must be allowed to show on (dther 
the edges or the surface of the inlay pieces when dry. The glue, 
therefore, should be very sparingly used, very little being 
really required. 

^Vhen dry, the an is of the back edges of the inlay ])lato 
should be justtalaai off with a tile, and, placing it 111 its proper 
position on the base, mark the outline with the point (d'a |-in. 
chisel. 

'I'lie inlay must be held liriuly down, and if the fingers 
cannot be trusted tin; luddfast should be used. 

A bev(d-odged idiisel will be found best for this pur|)ose, or an 
ordinary' firmer chisel can Ix! readily ground as a substitute. 

The corner will now be found more suitable for marking the 
exact outline of the inlay plate than that of an ordinary 
chisel. 

The inlaying will be a little less than | in. deep, say 

in. In order to facilitate the use of the router, the surface 
can be bored a little all over; or with the chisel useil vertically 
and horizontally, the puiiil can remove some of the waste, and 
when enough has been so cut out, the router should be taken 
up to make the surface smooth. Adjust the router to give the 
proper depth—in.—and gras]) it as in tig.,2‘Al, which shows 
the recess of this inlaying being made. 

The router cannot be used to cut oqt tl'.e waste completely 
into the acute angle, but this can be finished with the bevel- 
edged chisel*or th(! point of a bradawl. When the base is pre¬ 
pared for the inlay and the recess is quite clear, the plate may be 
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it must be very carefully done ; but if the joint is made in hard 
wood with unyielding fibres, the mere sawing will not be enough, 
and it will be necessary to saw a little from the line and pare 
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back with a chisel to the cut line. Fig. ‘22-1 shows the mortice 
and tenon made and ready to joint up. Whei^ gluefl, clean the 
work off with the smoothing plane. 
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Front elevation. 


Side elevation. 



Fig. 225. 
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MODEL XVIIL—A PICTURE FRAME INVOLVING THE USE 
OF THE JOINT IN THE FOREGOING EXERCISE. Fio. 226. 

The wood required wiU be two strips of yellow deal, bass¬ 
wood, or sycamore, 1 ft. 4 ins. long, 1| in. wide, and 1 in. thick, 
and two 10 ins. long, of the same width and thickness. 

In this exercise the tenons are all made on the short sides, 
and the mortices in the long sides. It is usually more convenient 
to mortise in large than in small pieces of wood, as they can bo 
secured better. The rebate round the inner edge at the back 
should be made after cutting the mortice and tenon from the 
solid wood, but before finally jointing up. 


EXERCISE XV. Fio. 226 

ANOTHER FORM OF MITRED JOINT, SHOWING SQUARE 
SHOULDERS ON TUB BACK. 

This form of joint is stronger than the first form given in 
Exercise XIV., and is much more commonly used in construction, 
where it is not essential that the mitred 
joint should show on both faces. The 
drawing should be either the completed 
joint, or the wood with the mortice and 
tenon made at either end, as in fig. 228. 

A piece of yellow deal, If hi. wide, 
1 in. thick, and llj ins. long, will be found 
suitable. 

Fig. 227 shows the marking on the face 
edge and side at both ends, and fig. 228 shows the mortice and 
tenon made. About i in. of w'aste at each end is marked 
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out to be removed in order to obtain a true surface, to gauge 
on. After the completion of the joint, there is, necessarily, 



Fio. 227 Fig. 22S. 


a small projection on each edge, which nlust be sawn off, and 
the surface then planed from the corner inwards, so as to avoid 
breaking the end grain. 

T 
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EXERCISE XVI. Fia. 229 

THE GROOVED AND CBOSS-TONODED MITRED JOINT. 


This joint is used to secure thin 2 ueces of wood which could 
not easily be strongly joined by leaving a tenon on one half. 
In this exercise, however, the wood is rather thich, as the pujiil 
would jirobably not bo able to manage with thin wood at a 
first attemjjt. 

Yellow deal in. by 1 in., and of any convenient length, 
will be suitable for this exercise. 

The wood should first be planed true and sawn at 45°. The 



Isomotnc projector 
of mitred piece. 
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Side view of groove. 



Elevation. 


two pieces obtained should be planed true on the mitred edges 
in the shooting board, with the stop adjusted to 45°. With the 
Uiarking or mortice gauge, mark the grooves on the planed edges 
of both pieces. The tongue is made from a thin strip of wood 
planed true to in. in thickness. The grain in this tongue 
must bo at right anglbs to the mitred joint, as will be seen in the 
illustration (fig. 229), in order to give strength. 

This is called a cross-tongued joint. Sometimes tne tongue 
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is made with the grain diagonally, but tliis is objeotionable, as 
swelling or twisting in the tongue, when freshly glued, would 
cause the joint to open. 

The joint should be glued up, and it is then liiiished. 
EXERCISE XVn. Em. ‘i:iO 

STOITED, OROOVnn AND CliOSS-TONdUEl) 1111 Iti: .lOIN'T. 

This joint is, as will bo seen, very similar to the preceding, 
the difference being that the groove does not extend right 
through. The edges of the mitre should be shot true, as in the 
ordinary grooved mitre joint, and the groove made. 



Isometric sketch of Sitlc\i<;\v of rebate JxJtMition. 

mitred piece. and groove. 

Km. 2:t0. 

Saw out the waste a tittle way, and then finish the groove by 
horizontal and vertical jiaring. In the illustration the joint is 
shown rebated, as it is used in this form in the sueceeding model, 
but the re*batc is not really a part of the joint. * 

MODEL XIX.—A STANDING I'lCTURE 'FRAME. Fio. 2H1. 

The drawyig of this model should be the sidoelmation, giving 
the angle of the front and the back leg, the front elevation 
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showing a case of change of ground line, and a full-size detail 
of section on a c, in fig. 231. 

The timber for this frame should bo some ornanieiital wood, 
say walnut or mahogany, for the outside frame and the leg, and 
sycamore for the mount; the back may bo made of bass-wood or 
yellow deal. 

The size of this model will be regulated by the dimensions 
of the picture to be fi-aniod, but it is not advisable to attempt 
to make a very largo frame, as the practical difficulty in per¬ 
forming a large piece of work is altogether out of proportion to 
the increase in the dimensions. The size of the frame recom¬ 
mended is shown in the illustration (.fig. 231), and this will take 
an ordinary cabinet photograph, rresuming that Ibis size is 
adopted, the timber required will bo as follows 

Walnut or Maluyany -Two strips 11 ins. long, ],} in. wide, 
and J in. thick, and two of !)i ins. long each, and remaining 
dimensions similar, for tbo frame; one strip 8 ins. long, 1;^ in. 
wide, and ^ in. thick, for the leg; one piece 31 ins. long, | in. 
wide by | in. thick, from which to make the four stops, and one 
2 ins. long by in. square for the supporting block of the leg, D- 

Sycamore —2. ft. t) ins. by 2 ins. by i in. for the mount. 

Yelloiv dcal~One piece 10 ins. long, 71 ins. wide, and in. 
thick for the back. 

The wood should first be planed up true to dimensions except 
the 8trip*for the mount, which should be left a Mttle wide, and 
then the four strips for the outer framework should be taken up, 
and the .rebate and chamfer made on the fijee edge of each piece, 
as shown in the section (fig. 231). 

The mataed joint may be of any form previously attempted, 
but, perhaps, the stopped, grooved, and cross-tongued.joint is the 
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best ill this case, as the joint will then be similar on both sides, 
and no unsightly tongue will show through on the edges at the 
corner. 

The portion to bo removed on the outer edges of the frame 
should bo cut out before glueing the frame together. The notches 
should be sawn dojvn to the reipiired depth, and the waste roughly 
removed with a chisel, leaving just a little more work to be done 
to it after gliu ing up. 

The joints can bo very conveniently brought up close, by tying 
a piece of string tightly round the outside of the framework, with 

notched pieces of wood 
made to tit each corner of 
the frame, as shown at k in 
iig. ‘232, to act as cramps 
on the joints, and to pre- 
\ent the string from 
damaging the corners of 
the frame. The blocks, it 
will be noticed, are maile 
to give fibres at right 
angles to the strain of the 
string. They can be 
readily made from a small 
strip of wood rebated 
on one corner, 'and then 
cut into four pieces, as in 
fig. 238. The rebate, which will be in contact with the newly- 
made joint, should be oiled to prevent it from becoming 
attached. , , 

The string is tightened up by inserting slips of wood (b, in 



lOu. 232. 
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fig. 382), halfway between each corner, and turning them rouiul 
in the same way as the string of a bowsaw. To pre\ent tlic 
string from slipping off the block to either side, a litllo notch 
should be made in tlie middle of the outer angle of oacli block, 
and in adjusting the string for tightening, take care to make the 
pressure occur immediately over the middle of each joint; if the 
string pulls obliquely, the increasing strain might cause tbo joints 
to open, and so spoil them. 

The strip of wood for the mount should now be rebated ami 
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Fio. 231. 


chamfered to the dimensions shown in the section, iig. 281, and 
then cut into the lengths for each side, and the raiti'es shot as 
usual. This wood is so thin that the only joint possible is tins 
grooved and cross-tongucd mitre. The tongue should bo a small 
piece of veneer, or some equally thin wood, and the groove, as 
shown in fig. 284, ought to be made with ono'cut of a jianel or 
tenon saw—about f in. deep. 

To make the four joints of the mount, they may, after glueing, 
be brought tight up by nailing just round the edges on the 
smooth srftrMce of another piece of wood, as in fig. 236. 

Some care in adjus^hig the four joints will be required, and it 
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is of the greatest importance to keep the whole surface quite 
flat. 

To prevent the back of the mount from adhering to the wood 
under it, by the glue which will be squeezed out in putting in 
the nails, a piece of paper should be 
laid down first. When dry, the nails 
should be drawn with the pincers, 
and the outer edges of the mount shot 
true to the proper dimensions. The 
paper should be cleaned off the back, 
and the face also smoothed off. The 
paring of the outer edge of the frame 
can now be completed, and the mount 
fitted in. The back should be fitted, 
and the small stops to secure it pre¬ 
pared. They should be fastened down 
with i-in. screws with slightly counter¬ 
sunk heads. These screws should not 
bo driven in too far, so as to allow the 
buttons to be readily pivoted. 

The leg may now be modelled with saw and file to dimensions, 
and the small block to take it prepared. They should be 
screwed together with two small screws—one from each side— 
as shown in the elevation (fig. 231). 

The block i'oi' the back is screwed on to the back of the 
frame, as shown in the small projection n, in fig. 231, the 
screws being inserted through the back. 



Fni. 235. Showing niomit 
held together ifter glueing, 
by nails at the angled 
marked n. 
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EXERCISE XVIII. Fig. SfIG 

A I'ARQUETIIY MAT. 

DoTetailed wedged clamping is introduced in tliis exorcise. 
The drawing should he the plan of face, and hack, and section on 
A B, as shown. 

The foundation must be made from a piece of wood (yellow 
deal) 9 ins. long by 9 ins. wide and 1 in. thick, and a strip of some 
hard wood, 2^ ins. wide, for the key, as the wedge is sometimes 
called, will be required. 

The inner diamond-shaped pieces can be made from two 
strips 9 ins. long by li in. wide and g in. thick, one of them of 
walnut or mahogany, and the other of sycamore, plane tnjo, or 
some other light-coloured wood. The right-angled triangles 
which fit between the points of the star should bo madi; from 
some wood, such as green bass-wood, which will bring the star 
more prominently into notice. The inner fillet should be made 
from 2 ft. 7 ins. of some dark Avood to match the dark-coloured 
diamonds, and | in. square. The next tilhd should be made from 
a strip of 1-in. -sycamore 2 ft. 7 ins. long and jj in. thick. The 
outside fillet, which encloses both the foundation and the |)ar- 
quetry, can be made from 2 ft. 9 ins. by 1| in. by g in. of 
walnut. 

ConSmence work by planing the yellow dea? true and then 
set out the dovetaihid groove. The wedge is intended to restrain 
the wood from warping or twisting, and» it is therefore wedged 
and dovetailed, as will be seen in the section, to keep it in its 
place deiJpite shrinkage of the deal, and is put in at right angles 
to the grain of the b^e. 
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The joint is a good one, but has been withheld IxTore, as it 
involves sawing across a large surface wdth the tenon saw in an 
inclined plane. In marking the wood, set out the width of eaelt 
end of the wedge in the middle of the opposite sides. 

Prepare the key and put it in the groove, but do not glue it 
in yet. The reason of this is that any shrinkage taking place in 
the newly planed wood may perhaps cause the wedge to become 
a little loose, and it can, when the wood is presumed to be tiiially 
shrunk, bo finally driven tightly in and glued on the lie.el or 
wide end of the wedge only; shrinkage in the foundation will 
then cause the wedge to draw even tighter. Glueing on the 
opposite end would cause wood to draw off the wedge, and would 
be fatal to the very object for which tho wedge was introduced. 

Plane up all the strips for tho pan|uctry—not the outside 
fillet—to the dimensions. The strips for the star should now 
be shot on the edge in the shooting board. In doing this let the 
face side of one strip and the back of tho other be upwards, as 
in Model VI., to obtain good joints and a level surface in tlio 
finished work. With the bevel set very accurately at AN, the 
diamond-shaped pieces can 
now be sot out as in fig. 237, 
allowing, as will be seen, 
a little waste between each 
piece. Fw. ‘i'ii. 

In tawing this strip up , • 

into the small rhombuses, great difficulty will be experienced in 
making them all correct to dimensions pn all four sides, unless 
the following plan is adopted;— 

Convnonco by sawing off the small triangle of waste at the 
end and shooting the edge of the first rhombus, true, before 
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cutting it off, as in fig. 238, which shows the shooting board with 
the strip of wood in position ready to be planed. Saw off the 

first rhombus a little full, and 
shoot the edge of the next one 
true as before. 

Now the first rhombus 
made is a little too long on 
the sides paralhd to the grain, 
and exactly how much too 
long, must be ascertained 
before tho pupil can be safe 
in shooting the rough-sawn 
edge last made. To do this 
apply tho long edge to the 
trued-up edge of the strip, a.s 
in fig. 239. Tho very small 
amount of wood which has 
to be planed off’ is now known, 
and may bo removed, care being observed not to take off too much 
before again testing it. Complete the other rhombuses similarly. 
When four have been made, their accuracy, or the accuracy of the 
adjustment of the stop on the shooting board, may be tested by 
placing them together, with their acute angles meeting in a 
point. They now give two right angles or a straight line, and a 
straight-edge pkcpd against them should fit exactly (see fig. 240). 

The bass-wood strip may now be taken up, and when planed 
true, but wider than,the dimensions, set out, as in fig. 241. 
Make these right-angled triangles in the same manner as the 
rhombuses, but, of course, each one will be a little lajg^r than is 
wanted. Gl,ue up tho star on a piece of wood, and after leaving 
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it about ten minutes to set, insert the bass-wooil triangles to 
complete the octagon. One half of fig. 242 shows the shape and 
the plan of the nails, ■wliicdi are placed all round in jjairs at the 
angles, to keep the joints well up. It will bo noticed that the 



outside corners of the hass-wood triangles have to be cut off 
to allow of their being jointed. The banding is prepared by 
glueing the two strips together in the length, with the thin inner 
strip planed true to dimensions, and the wider strip left a little 



Flu. 241. 


full. This joint is so long and the wood^ so light that the glue 
might fail to hold, unless a few wedged cleats are put on at 
intervals^ a^s shown in fig. 243. 

The octagonal plate should be taken up, and the edges shot 
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down to the points of the star, and the paper scraped off the 
back with a saw blade used like a rake, so that the points of the 
teeth make scored marks. This will effectually remove the paper 



and leave the surface of the wood rough, which will be of assist¬ 
ance on the glueing down on the deal foundation. 

The banding should be cut off, as in fig. 244, to the required 
lengths. These lengths should be marked on the wood after 
comparison with the face of the octagon, which they we required 
to fit. The tnitred joints should be carefully fitted to each other, 
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and the joints numbered, as in fig. 242, so that they may br 
glued down in their correct position without risk of confusion. 

The deal base may now bo planed true, and the octugon and 
banding glued down. The octagon should bo first put down, and 
be well rubbed to get out the surplus glue. When the glue 
* sets,’ the banding should be quickly put down piece by piece, 
again taking cure to rub the glue well out. One half of (ig. 212 
shows the complete octagon glued down, and, as usual, kept well 
together with nails, driven in close up to tbo paiapietry. 

The ju'llow deal base can now bo cut down to the dimensions 
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of the parquetry, and the fillet to go round the outside pre¬ 
pared, cut off in proper lengths, and the mitres shot true. Thes(! 
may be glued on as usual, and then nailed on from the outside 
with a few small brads. 

The trying jdane should bo used to bring the surface true, 
and then, the iron-faced smoothing plane should make it smooth. 
Finally, with a piece of No. 0 glass-paper stretched lightly on 
a smooth piece of cork, rub the whole surface with a circular 
movement, but do not destroy the sharp edges. 
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EXERCISE XIX. Fio. 246 

A BOX WITH GROOVED AND TONGUED JOINTS (ACROSS THE GRAIN). 

The drawing shows the plan of box, a longitudinal section on 
A B, and a cross section on o d. They should all be drawn, and 
preferably an enlarged section of the joint also, as in fig. 246. 



Section on b. 


Fig. 245. 

The timber required, Weymouth pine or yellow deal, will 
be as follows 

For the long sides , . . . 18J ins. x 8J ins. x | in. 

„ short sides .... 8 ins. x 8J ins. x } in. 

„ bottom .... 6 ins. x 8j ins. x } in. 
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Plane up all the wood true, and saw the pieces for the sidi s 
ind ends in halves across the gi-ain. Place the long piect's wilii 
the face sides together, and mark the extreme 
length of the sides on them, so that the waste is 
equally divided at both ends. 

Set out on the edges first, as in fig. ‘217, 
marking the in. for the thickness of the sides, 
and then from these lines mark lines | in. in 
for the grooves; continue the lines for tlie 
grooves across the outside and on tho liack 
edges. Fig. 248 shows tho setting out of the 
short sides, which arc placed together hack to hack. Tin.' inner 
pair of lines on the face edge wdiich show the width of the outside 
will be continued across the face, but the outer pair, which give 



Fio, 240. 



the extreme width of these sides, should be continued aefoss tho 
back of each piece. Gauge lines 8 ins. from the face edge on 
the back of each of tho sides, for the grooves to take the bottom 
of tho box. These grooves are jin. deep and J in. wide, and 


u 
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will run from end to end of the short sides, but will 
upright grooves in the long sides. - 

Saw out the tongue at the ends of the short sides, and the 
groove along the bottom also, removing the waste with a chisel, 
as in Exercise I. With saw and chisel make the grboves across 
the grain in the long sides, and mortise out the bottom grooves 
between the upright ones with a ^-in. chisel, as in the case of 
the rebate in Model X., fig. 181. The bottom of the box is tongued’ 
all round, and should be gauged on the face or outside ^in. away 
from a line made all round, to indicate the exact measurement. 

Saw the tongues on tlio ends of the bottom, and with the 
rebate plane make the shoulders of the tongues on the sides of 
the bottom. Eit the box together, and, if correct, take it apart 
and glue up the joints. The box should now be finally cleaned 
off with the smoothing plane, taking care to plane from the out¬ 
side edges towards the middle of the faces on the ends ancl 
bottom, where the end grain might be broken. 


MODEL XX.-AN INK-WELL WITH SWINGING LID. Era. 249. 


The chief exercise in this model is the grooved and tongued 
joint. 

The drawing shows the plan and elevation of the box with 
the lid turned back. The plan shows the seat of the ink-well and 
the section on k n, the supports under it. 


Any ornanjental wood, as mahogany, walnut, bcecl)^ teak, or 


sycamore, will be suitable for this model, 
be required :— 

For sides, one piece. 

„ top and bottom, one piece . 

„ arras, one piece. 

seating and supports, one piece . , 


The following will 


12 in. X 2| in. x j in. 
04 in. X 3:|- in. x ^ in. 
6 in. X 5 in. X ^ in. 
4 in. X 2 in. x | in. 
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Plane up the wood-as usual; but the long strip slioulil bo wider 
thftn the finished moasurenreiit-‘ij] in., as some material will la' 
removed in planing the edge of the lid. ^^ilrk out the length of 
the four sides and saw them apart. Set out the opi)osito similar 
sides together, as in the previous e.verciso; make the grooved 



Side elevation. 



Sfclion on ad. 



and tongued joints. (Hue up the joints and’inake the top and 
bottom a little larger than the size of the llnisbed box. Nail 
these on, so that the end grain of top, bottom, and siiles are to¬ 
gether, as in fig. ‘250. Plane off the outside of the box, and 
take greSt (fare not to break out the i.'iid grain. This is especially 
likely to happen in tj^is small iiieee of work, fiaupo the depth 
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of the lid and Haw it off. Plano the cd^es of both box and lid 
true, till they make a good fit in all parts. Plane up the strip 

for ‘the arms, cut it in halves, 
and model the rounded ends. 

Pound-headed screws should 
bo used, and the sockid in the 
arms should be large enough to 
allow them to be freely pivoted. 

Saw the remaining strip in 
halves across the grain, and then 
cut one of the halves into two 
strips with the grain. Plane 
the edges of the oblong strips 
till they can bo fitted in well and tightly ; they must, of course, 
be of the same width. 'I'ho shelf to take the ink-well should 
now be planed triu' on the edges, till it will just slip into its 
place, resting on the top of the supports. 

]>raw the diagonals, and insert the point of (he centre bit at 
their intersection, so that the hole is in the centre. 



EXKPCTSE XX. Em. 251 

STOP ClIAJIKKUtN(n 

A piece of 'wood is to he chamfered on the edges, and 
at one end the chamfer is to bo 8topp('d with an inclined 
face, and at the other with a curve, making a segment of a 
circle. 

This exercise, though it appears easy, is really too d'fRcult to 
be attempted earlier in the course. 
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The sketches of the finished exercise need only he made, as 
shown in fig. ‘251. The wood ixaiuired is a piece of deal or bass¬ 
wood about 1 ft. long and 11 in. scpiare : any 
piece of waste wood will do, however. 

With a thumb-gauge and pencil draw 
lines on face and edge in. from the 
angle, and at one end make two straight 
lines at -15° to these lines to make the 
mitred end of tin; eliainfer, and at the 
other end sketch a curve on each face to 
guide in making the envied end of tln^ 
chamfer. Notice, that, though the chamfer 
itself is to make a (piarter of a ciride, the 
linos on the edges are not nearly such 
marked curves. 

To find the precise line invohes an interesting (irohlem ol 
solid geometry : but this is unnecessary, and the eye can be relieil 
upon to aid in making a snlliciently satisfactory curve. 

Commence chamfering hy roughly removing the waste, hold¬ 
ing the chisel as in fig. 25‘2. In doing this, it will be found in 
which direction the cutting is the easier, and, when the chamfer¬ 
ing is nearly done, including the ends, make one steady shearing 
cut the entire length of tlio chamfer, holding the chisel obliquely 
with the face downwards, a.s in fig. 252, and finish the mitred end, 
as in tig- 253, the face of the chisel again heing,downwards. 

The operator in this case is resting the left fiiro-arm on the 
bench, to assist in steadying the chisel, and the cut made should 
make a good clean intersection with the face of the chamfer and 
then cease. On no account cut too deeply. To complete the 
curved end the tdiisel is turned over so that the back is down- 




-J,- 




a 


J'i„ 2.-.1 
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wards, and tins, too, is iinislied with one cut, tlie iiandlo being 
gradually dejn'cssed to inaloi the cutting follow the line of curve. 



Fki. 252. 



Fio. 253. 
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The difficulty here is to make the curve run uiiinlornipti <ll) iiilo 
the level portion of the (duiml'er. Fig. 254 shows this end heing 
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finished, hut here the operator is resting his left lore-arm on tlio 
bench screw to steady the cutting. 

The curved (;nd may he finished vvitli glass-paper, hut the 
h>vel portion and the mitred end should on no acc(uint he touched 
after the chisel has done its work. 

MODKU X.\I. A llANdlNG IJltACKET WIJIJ CIIAMl'KKKD 
FDOKS. Fio. 255. 

The front and side elevations are all the drawings necessary. 
The bracket may be made of any wood at the disendion of 
the teackei*, but we will presume that it is made of bass-wood 
or walnut. Two pieces will be required, one It ins. Iiy 1? ins. by 
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j in. for the back, and one 6| ins. wide by 4 j ins. long and | in. 
thick for the shelf and support. 

Plane up tlie wood and set out the back and shelf. The 
strip for the Bu])port under the shelf is to be obtained from 
one side of the smaller piece. Saw and pare out the groove 
in the back, draw the curved top and saw it out with a tenon 
saw and bow'saw. T'lic bracket and shelf may now be sawn apart, 




Fia. 255. 


and both planed up true on the edges, bottom of back, sides of 
the shelf, and ends of the support. 

The chamfetting may now be done on both back and shelf, the 
curved top being roughly cut by a series of sloping cuts, across 
the line of the chamfer, before finishing the work, in the same 
manner as in the preceding exercise. 

Glue and screw the shelf in, and secure the suppojt to the 
shelf by a few small brads. 
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MODEL XXII.-A SET OF HAT-PEGS. Fia. 250. 

This model makes a good chamfering exercise. 

The drawing should bo the front elevation, and the section 
showing the side view of the peg. The isometric view of the peg 
is given, however, as it may bo of assistance. The lengtli of rail 
is not given, as this can be left to the teacher to decide, and, of 



Isometric projection. 
Fia. 266. 


course, the number of the pegs also. Two feet will be a suitable 
length for the rail, if no pressing reason exists for making it 
longer. 

Eaclj Bpg should be made from a piece of wood 6 ins. long 
and 1 in. by 1| in. 
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Plane up the rail and the wood for the pegs. It will be 
noticed that the pegs are shouldered on the under sides to keep 
them stiff under pressure on the extremity of the peg. Mark the 
shoulder on one end of the peg, and saw out the tenon for the 
mortice. Apply the end of the peg to the surface of the rail, and 
murk out the mortices with a chisel point, and make them as 
usual, boring them out roughly first. 

The pegs should first be set out on the sides, and the sloping 
under side and the depression on the top roughly sawn out. 
Finish these with a jack and smoothing plane, and pare and 
plane the sides to make the shape shown in front elevatio]), 
fig. 256. 

Complete the pegs by chamfering the angles, as in Exer¬ 
cise XX., and glue them into the mortices. 

The ends of this rail can bo ornamented by screwing on a 
shield, similar to those in Exercise X., at each end. 


EXEECISE XXL Pm. 257 

GOUGING. 

The drawing should be the plans of sides at right angles to 
each other, or a section, as shown in fig. 258. 

A piece of wood 12 ins. long is to be grooved on all its sides, 
as shown. . , " 

Mark the wood across l^in. from the ends, and mark lines 
down the length of the^wood between these lines with pencil and 
thumb-gauge. Then draw the shape of the rounded ends outside 
the end lines. » • 

The method of using the gouge is simple. Lay the rounded side 
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on the wood, and press forward with the ri^lit hand nras|iinn th(' 
handle and the left hand keeping the edne tirmly down, as in 
fig. 25!». 

Do not gouge too deep at first, but go over the work again 



and again, finishing at last with a good chan cut. Do careful to 
work in the direction of the grain to avoid possible si)lintering. 

The wicte of the grooves should be modelled with the same 
gouge used for the corresponding groove. 



3C0 


MANUAL TNsrRUCTlON— WOODWORK 


Place a i)iece of glass-paper round a strip of wood ready 
l)liiiied up to the shape of the groove, and steadily rub up and 


I 



fill 


down, taking care not to damage the sharp edges of the grooves. 

Haw off the waste at the ends and plane them true. The 
(idges shoidd also be cleaned off with the smoothing plane. 


MODl'tL XXIIT, AN INKSTAND. Pio. 200. 

Draw the jdan and section as shown in the illustration. 
Tiiiihcr ivvym/vd.—Yellow deal, bass-wood, or pine, 12| ins. 
long by ins.>wide and in. thick. • 

Plane up the strip of wood and set it out in pencil, making 
cut lines at the ends tp give the exact length. 

(louge out the groove for the pens, and finish it completely. 
Next bore the holes for the ink-wells, taking ca'-e, in using 
the large bit not to bore too deeply. The point of the smaller bit 



BENCH WORK 


301 

should 1)0 pliuod in the hole made by the pin cd' tlu' larj^e onr 
first used. 

Saw off the waste and carefully plane the end nrain. This 
is a rather larger piece of wood than any pri-viously [ilaned on 






Section on a v. 

I'ltt. 2()0. 


tlie ends, and, indess ^reat care is taken, the fibres on the edt'cs 
will be broken out. 

Screw the wood up in the vice, and use the smoothing plane 
successively from every side and cornel', and at no time allow it to 
cut completely across to the ojiposite cdf'c of thb model. Lift the 
plane to stop the cutting. Chamfer the model as in Exorcise IV., 
and smooth the faces and edoes with a siiroothine plane. 
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MODRL XXIV.—A PEN REST. Fio. 201. 

All the orthographic projections shown should be made. 

The timber should bo some tough vo)d for the uprights and 



Klovation. 



Sectional elevation on a b, with 
a portion of the waste wood 
left in to show the marking 
out. 


Plan. 


Kir, 201. 
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some soft wood for the base—beech in the former, and yellow 
deal for the latter, the size of the base would make the cost of 
ornamental wood too great. The measurements of the material 
are—yellow deal, 10^ ins. by 6^ ins. by in.; beech, two jiicces, 
7 ins. by 5 ins. by § in. 

Plane up the wood to dimensions and model the groove with 
the gouge. 

Make the mortices as shown in the plan, being very careful 
to got them upright, as they aro the only support wliich the 
rests receive. Take up the rests, fasten them together, and draw 
the shape of the pen supports on one. Bore the holes, and tlion 
saw out the curves with the bow saw—in the top, sawing to 
the outer of the two dotted lines shown in the sectional ol(>,ra¬ 
tion on AB, fig. 261. Finish the points between the semicircular 
grooves in the top of the supports with a chisel, and Iho 
remaitider of the curves on the lower portion with spokeshavo 
and file; clean off the base and the uprights. Glue the pen 
supports into the mortices. 

MODEL XXV.—A FOOTSTOOL INVOLVING THE 
IIAIJNCHED TENON JOINT. Fra. 202. 

The orthographic projections should bo drawn. 

The timber required, which may be yellow deal or piuo, is as 
follows;— 

For legs, one piece . . . 1 ft. in.'x in. x 1^ in. 

„ rails, twice . . . . llin. x l^in. x 1 in. 

„ „ twice.9 in. X 1| in. X 1 in. 

„ top, one piece .... lij in. x 10| in. x ^ in. 

Plane u^ the wood for the legs and rails to the e.xtrenie 
dimensions, and saw it into four equal lengths for the legs. 
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Before marking the legs examine the plan of the joint in 
fig. 262, and the isometri(i projection with the haunched tenons 
together, fig. 263. (The leg is indicated by faint lines in order 
to give prominence to the joint.) It will be noticed that neither 



Plan, with portion of lop lemoved. 

Fia. 202. 


the mortices nor tenons are at mid-di.staiice from the sides. This 
is in order to give as much strength to the inner angle of the leg 
as possible, and to secure longer tenons than if they were in (he 
middle. 

Put the four legs side by side with their face sides uppermost, 
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and gauge the limits of length and the size of the mortici', as 
shown in fig. 264. 

Turn each log individually, and continuo the marking on the 
face edge. Set out the opposite rails simultaneously, and with 
the mortice-gauge adjusted to j in. mark the tenons on tlu! mnls 
of the rails and the mortices on the sides of the legs, llomove 
the square portion of the mortices (‘iirefully, and then paia' down 
the haunched part of each. Tig. 265 shows the shajic of the leg 
with the mortices made. 

Now out the tenons of the rails. They should he sawn out 



solid, and one corner then cut off to make the haunch, the extreme 
end of the tenon being roughly mitred with a chisel. Fit all 
the joints up, and if correct take them apart again, and cut olf 
the waste at the bottom of the legs. Chamfer, each leg with a 
jack and smoothing plane. To obtain lines to work from, mark 
the leg as in fig. 266, which shows the inner square drawn on the 
bottom end. Clean off the rails and glue up the joints. These 
may eitliej: be brought tight up in the cramp or they may be bound 
with a twisted string, as in the case of the picture-friime model. 
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The top should now be planed up true and the edges rounded. 
Before glueing or nailing the top on, plane off the tops of the legs. 
Another method of securing tho top, when the pupil wishes 



Fra. 206. Fm. 207. 

to hide the nails or screws, is to button it on from underneath. 
These buttons (about sk in number) are tonguod at one end 
and are inserted into shallow mortices. Tho screws, as shown 
in tig. 2G7, are then inserted. 

MOIIHL XAVI.—A FUAMKD BRACKET SITET.F. Fio. 2 C 8 . 

This is a valuation on the haunched mortice and tenon joint, 
and gouging (x.i a curved surface is introduced. 

The drawings should be tho projections in fig. 268, and the 
section of the framing and bad;. 

The timber required, bass-wood, Weymouth pine, or walnut, 
will be— 
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Tor frainini;, two piecey 

„ slwll’, ono j)ioce 

.. bracKrts ,, 

„ l)ack „ 

„ fillctfi ,, 


. 14 ins. long x ins. x 1 in. 

. 10^ „ X „ y 1 

. 11 " „ xO) „ „ 

.13 „ X o'- „ X 1 „ 

. 10 „ x8| „ 

, 3 ft. long X g n ^ H 


I’liiiie up all tlio wood to itH proper size, and set out the 
friUiiinR as iti lip. tiGl), sliowinp tho marking on the inside edges 
of the stiles, and lig. 270, showing the rails. 

Examine the, shajie of the haunched tenon joint in fig. 271 
before eoinnumeing ; one shoulder is longer than the other 


Top _ Tk-}fo?ri 7 .'<uh 


_‘ 



a:,. - - . ^ 


/X.; 


~ 


- ^ x;: 

'7 



log. aw. 

owing to the reha,loon the inside, of flic frame, and (he, liaiineh 
of the tenon, instead of being sloping, is square. 'I'liis form of 
joint is strongi'r than that in Model XXV., and is resorted to 
where the joint is not seen on thehannehed edge. 





—n 
1 ^ 

- . ' J A-ni! _ 
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Flo. 270. 


Complete the setting out of stiles and rails. Tlie face edges 
of all four pieces of wood should be inward, and ilj should he 
observed that the short shoulders of tho tenons are in front, and 
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the long ones at the hack. Make the four joints, glue them up, 
and wedge them. 

The large piece of wood for the brackets should now hi* set 
out, as in the case of somewhat similar brackets in lig. IIM. 
Saw them out with a bow saw, and put them together to comphde 
the modelling of the curved edges, with chisel, spokesha\(', fill', 
and glass-paper. Sot out the grooves with pencil and thumb- 



gauge, and cut out the grooves with a firmer gouge. The ends 
of the grooves may be lini.shod with a carver’s bent gouge. 

Prepare the shelf by planing it true, chamfering the outer 
edges, tind making the groove for housing in tlje J)rackets. Clean 
off the framing, cut off the ends of the tenons which show outside, 
and model the horns. Screw on the bfackets and nail on the 
shelf. The back may now be prepared and fitted in. 
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• Fio. 272, 

Fiom Series V. ‘ Hand and Eye Training ’ Cards, by hind^permi^su^ of 
Messrs. Cassell <£ Co., Ld. 


Side elevation. 
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EXERCISE XXII. Fia. 272 

A SrUEIAI. 

This shield is much more difficult than th(> two t;iM'n ('arli( v 
in the corirse, as may he seen from the drawini;, and involves 
the use of the gouge as well as the firmer chisel. 

In doing the work pay continual attention to the drawing. 
On the middle of the surface make good sweeping shearing 
strokes, and at the corners a broad gouge should be used. No 
description can satisfactorily elucidate the modelling of tiiis 
shield. The only advice that can be given is to proceed gradually, 
and work at every part successively, finishing with spokesbave, 
file, and glass-paper. 


EDOE DOVF.T,\TLI\(!. Fio. 27:1. 

The isometric projiction, as inlig. 27:1, only need be made. 

It v.'ill be seen that this joint is very similar to the angle 



bridle joint, the difl'erence being that the sides of the tenon are 
slightly inclined to each other in the joint at present under 
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notice, and the mortice is made with inclined walls to take this 
dovetailed tenon. 

This joint, although apparently not much more difficult than 
the angle bridle, is in reality much harder to make. It is very 
much stronger, however, as will be 
readily appreciated from its appear¬ 
ance. 

A. piece of wood 11 ins. long, 1 in. 
thick, .and IJ^ in. wide will be rciphred 
to make the joint. 

Set out as in fig. 274, making, as 
usual, cut lines for the depth line, all 
round the wood at the shoulders, and 
S a pencil line at the end for the mortice. 
S, The rest of the setting out must be 

n ... 

■“ done in pencil, and this constitutes a 

source of difficulty at the commence¬ 
ment of the work. 

Saw out the tenon, as in lig 27.7, 
and cut tho wood in halves. The 
tenon should now be applied to the 
end of tho other half of the wood, 
as in fig. 270. The precise size of 
. tho mortice can now be marked with 

I'lfl. '274. 

a fine pencil, or a chisel, while,the two 
pieces are in contact. In order to make the faces of the finished 
joint true, it is advisable in placing the lenon against the end 
of the mortice half to lay both pieces on the flat surface of 
another piece of trued-up wood. 

From the ends of the two cut lines gauge pa'rallel lines 
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down the edges to the fength of tlic mortice, and carefully saw 
and mortice out the waste, as in lig. 277. 

This sawing and morti.sing reiiuire to be carefully done to 





ensure a good joint. When glued up, the shape of the mortice 
has the effect of keeping the shoulder of the tenon well up to 
the side of the mortice. 




3 






Si'le (flevatioii. 






ri.ui 


•s. 
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EXERCISE XXIII. Fio. 278 

fuamino made with another form of edge dovetatlino. 

The drawings should be as in fig. 278, showing plan, end, and 
side elevation. 

The timber is in. wide, J in. thick, and two pieces ]2| ins. 
long and two 81 ins. long will be required. 

In this case the tenon is dovetailed from edge to edge, as will 
be seen in the end section of the isometric sketcli of joint 
(tig. 279). This form of dovetailing is preferable to the preceding, 
where strength is reipiircd, although 
the altered shape does not bring the 
shoulders of the tenon up so well. 

Set out the worlc, marking oppo¬ 
site similar pieces simultaneously, 
and observe that both ends of tin; 
shorter pieces or rails are cut into Fm. •j.tj. 

tenons, and the rails are mortised to 

take them. This is done for conM inence in cramping, for it is 
obviously easier to scn;w up a short piece than a long one. After 
cutting out the tenons, as in the former ease, apply them to the 
mortices--this time, of course, to the side, not tlio end of the 
wood, aihd mark with a chisel as before. The gavging is done on 
the ends of the stiles, and there is no need to mark out the shajie 
of the mortice on the back edge, as an inaccuracy in marking would 
load to error in work. By this time, too, the pupil should jiot 
have mwli difficulty in sawing down the mortice without a line 
on the back edge to guide him. 
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Great care must be taken in making this framing true and 
square in all its joints. 

Should it l)e wished to rebate the frame to take a picture or 



lookuig-glass, tho shoulders of the tenon will be of unequal 
length, and tho cheeks of the mortice will vary correspondingly. 
Fig. 280 shows the shape of the joint in this case. 

MODEL XXVII.-A BOX WITH COMMON DOVETAILED 
JOINTS. Fig. 281. 

The drawings should be the usual orthographic projections, as 
shown, but in the plan of the box a portion of the lid is removed 
in order to show the fillet round the lid. 

Presuming that a box of the size shown in fig. 281 is to bo 
made, the timber required—yellow deal or bass-wood—will be as 
follows:— 

Four pieces, each . . . ins. longx 5J ins.** ?in. 

Two , „ „ . . . . 6ii „ *5| „ xj „ 
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for the sides of the box ; a strip 1 in. wide, jj in. thick, and 2 ft. 
2 ins. long for the fillet. 

It will be noticed from the mcasnromeiits of this wood that 
no separate provision is made for the lid. 




Sule elevation. 


J'nd elevation. 



Plan, with half of the top removed to show fillets. 
» Fro. 2H1, 


The practice is to maki! tlie box like a solid rectangle, and 
then saw off the portion for the lid. ’ 

After planing up the wood for the sides, and shooting the 
edges quite* true, but a little wider than they are required to 
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finish, say, in., the opposite sides are put together, and the 
depth of the mortice or the tenon, as the case may be, is marked * 
with a cut line across the pair of face edges at each end. These 
lines are then continued across both faces of each piece, and on 
the opposite edges also. 

Now take the two short side.s on which, as usual, are the pins, 
as the dovetailed projections are called, and mark out on the end 
the shape of the pins, as in fig. 282. It will be noticed that the 
second one from one end is made wider than the others. This is 



Flu. as2. 


to allow for a sufficiently substantial pin after sawing the lid 
from the box, and planing the edges of both true. 

Having marked both ends of each short side carefully, saw 
and pare out the waste between each pin. When this has been 
done, place one of the rows of pins over the end of one of the 
long sides touching the cut, as in lig. 283, and mark with a chisel, 
as shown. Make similar marking for the other joints, and to 
avoid confusion make a distinguishing mark or number on each 
side, so that the pins may ultimately be fitted into the /nortices 
to which they properly belong. 

The face sides may show either outward or inward, but they 
should be continuous ?)n either the inside or the outside. 

After marking the four rows of mortices in this way, they 
sliould be carefully sawn and pared out, just leaving tlie cut lines 




BENCH WORK 


319 

showing along the edges of the mortices. Tliese are now very 
slightly smaller than the pins, and some force will ho recpiired 
to put the sides of the box together. This mutual crushing ol 
fibres hy the pressure of the broad and narrow pins against each 
other is an essential feature of the dovetailed joint, but it should 
not he too great, or splitting may ensue. If the joints are satis- 




2s;j 

factory they should he glued, and the trued-up lid and bottom 
glued or nailed on. 

A hollow oblong ligure is now obtained, and should be sawn 
in halves, to a ganged lino passing round the sides tln-ough the 
middle o^each of the wide pins on the short side. 

The rough edges left from the saw cut must now be very 
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carefully plaiicil true, till the lid will lit close down to the box 
without pressure beiiij:; necessary on any part. The fillets may 
now be prepared by planing the strip true, rounding one edge, 
as in fig. 284, and cutting it into the required 
lengths. The simple mitred joints at the angles 
should be planed in the shooting board, and each of 
tlic four pieces may then be either glued or nailed 
round the top of the box, so that they project equally 
above the edge, and form a ledge to keep the lid on. 

If the work has heen done well, the lid will fit 
easily but not loosely, and in putting it on there 
should bo no friction, but simply the pressure 
from the air within the box, unable to find a ready 
exit. 

One angle of this box may be taken as a preliminary exercise 
if it is considered necessary. 


1 

i 


M- 

4 

I'lo. 284. 


MODRL XXVni.—A HANGING BOX. Fig. 28.';. 

This box is jointed in the same way as the preceding one, 
and, in fact, there is nothing new introduced except the hiuge- 
ing, and, as it is only required to nail two small pieces of leather 
on to serve ns hinges, this is extremely easy. 

The drawing should be the front and side elevations, or the 
isometric projectipn. 

The timber required, yellow deal, will be | in. thick through¬ 
out, and the other diipensions of the wood are as follows;—Two 
pieces 7 ins. long by 6:j ins. wide for the ends, one piece 10| ins. 
long by 41 ins. wide for the front, one piece 11 ins. lorghy 7^ ins. 
wide for the bottom, one piece 11| ins. long by !I ins. wide for the 
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hack. The lid and rail should be made from one piece of wood, 
7i ins. wide and 11 ins. long. 

Plane up all the wood to the finished dimensions. The slop¬ 
ing top of the ends should he sawn, and planed true, but the 
depth in front should be in. more than the measurement of 
the finished model. Sot out the pins on the end of the short 
sides, leaving the two end ones of each row a little full —^ in., 
and mark the depth of the mortices on the back and front of 
the box, as in the preceding exercise. Saw and pare out the 
waste between them. Apply the pins to the ends of the back and 
front, as in fig. 283, and mark the shape of the mortices ; complete 
these, and glu(! the sides of the box together. Observe that the 
face edges should be downwards in the case of all the four sides. 

Saw, and plane the sloping top of the back, and bore the hole 
in it. The sides can now be glued together, and the whole of 
the surfaces and edges ‘ flushed ’ off true. 

Model the rounded edges of the bottom, lid, and rail, these 
two latter in one piece, with plane and file. Saw the rail off 
from the lid. llisect the angle of inclination of the lid to the 
rail, and setting the bevel to the angle obtained, shoot the edge of 
both lid and rail. Nail the rail and bottom on, and then 
nail on the leather hinges. These need not necessarily be used, 
but if the box is intended to hold salt, leather hinge.s will bo 
found much better than iron or brass, which will be quickly 
corroded. 

MODEL XXIX.—AN INLAID PARQUETRY TRAY, WITH 
COMMON ®OVETAII,ED JOINT. Fio. 280. 

This is an attractive but advanced model. The drawings 
should be all the orthographic projections in fig. 286, and the 
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section on a b, as shown. An isometric projection would be too 
complicated to be of service here. 

The timber recommended for this model is bass-wood for 
the base 1 in. thick and 12i ins. square, and four strips of 
sycamore 13^ ins. long, 3^ ins. wide, and i in. thick, for the 
upright sides. 

The key for the back may be of yellow deal, and should be 
made from a strip 13 ins. long, 2 ins. wide, and in. thick. 

The banding round the outer edge of the base may be made 
of sycamore and mahogany. Pour sti'ips of sycamore, each 
101 ins. long, 1^ in. wide, and ^ in. tliick, and a strip of mahogany 
(i ins. long, 11 in. wide, and in. thick for the corners. 

The four long points of the star can 1)6 made from two strips, 
one of sycamore and one of mahogany, 16 ins. long, 1 in. wide, 
and f in. thick. 

The tour other points which reach the centre should also be 
made of mahogany and sycamore, and a strip of each will be 
required 1 ft. long, 1 in. wide, and ^ in. thick. 

The remaining eight short points will contrast well, if made 
of ash and walnut, and these, like the others, should be made 
from ^ in. wood, and a strip 16 ins. long and 1 in. wide of each' 
kind will be wanted. 

Plane up the base and shoot the edges, which are parallel to 
the fibres, true, hut not quite down to the dimensions -about 
1 in. more. , ^ « 

Cut out the groove for the key, make the key, and drive it 
tightly in, but without glueing it, as in Exercise XVIII. 

The strips of mahogany and sycamore for the star should 
now be made quite true on both faces, and the edges, shot per¬ 
fectly parallel in the shooting board. In this operation each 
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strip should lie face upwards while one edge is being planed, aiul 
face downwards while shooting the other. 

Set out each strip for the long points as in fig. ‘287, and for 
the short points as in fig. 288, and saw tlie triangles out. 



Fio. m. 

The star should now be drawn on the true surface of a piece 
of wood, and after shooting the inner points of each of the 
sixteen triangles in the shooting board, fit them all together to 
test the accuracy of the work. If correct, glue the pairs of dark 
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and light coloured woods together, to make the eight diamond¬ 
shaped points, taking care to clean off any glue which may 
appear outside. Again test the accuracy of the jointing by 
putting the eight points together, and, if correct, shoot each edge 

• F.'u. m. 


of the outer ends true. Next glue the eight points together on a 
piece of paper, and clean out any glue whi^ may show betweiiu 
each poiqt.^ Prepare the small pieces of ash and walnut, cut 
from the remaining strips, as shown in the setting out (fig. 289), 
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and glue them in to complete the star. There is no need to glue 
up the pairs of triangles separately in this case. 

With the router and chisel, make the depressed star on the 
face of the hottom of the tray, to take the inlay as in Model XVII. 

Make the dovetails in the sides in the usual way, and draw the 
shape of the handle on one side, and of the plain curves on another. 

The opposite similai- sides should be screwed up in the vice, 
and the curves sawn out with a how saw. The handle and 
portion of tlu; outer eurv(' on those sides should be made by 

boring and paring. Finish the 
curves with a file. 

T’he banding round the base 
must now be planed up true on both 
faces, edges, and ends, and a rebate 
made to receive them. Fig. 290 
shows the setting out of the small strip of mahogany for the 
corners, and when those sijuares arc cut out, take care to insert 
them with the grain in the direction shown in the plan (fig. 
280), thus rendering the edge planing of the finished base easier. 
This should now be very carefully done, planing from the corners 
in towards the middle of each side, and taking care not to make ■ 
the base too small—this is a very likely error. Fasten on the sides 
with three screws each, and glue the joints up at the same time. 



I 

MODEL iXX.—A BOOK RACK MADbl WITH THE 
LAPPED DOVETAIL JOINT. Eio. 291. 

The orthographic projections in fig. 291 should be drawn. 
The timber required will be, of course, dependent,upon the 
precise size of the book rack required ; but a larger size than that 






BENCH WORK 327 

m the drawings is not reeoinnunidod, as it would Ijo ton 
difficult. 

To make a rack similar to that shown of, say, walnul, a 
piece 16 ins. long, 4^ ins. wide, and | in. thick will ho rcijiiircd 



Elevat'on. Side eieiatioi 



I’jan. 

The dovetail joint is shown at one end, a, and tin; plan of the lapping 
portion of the end is ,^hown in fainter lines. The plan of the eom- 
plete aim is shown at the other end, 

Fio. 201. 


for the base, and another piece 10 ins. long, 44 ins. wide, and 
1 in. thick, will bo wanted for the two ends. 

. rianj ly) the wood as usual, and make the base true on tho 
ends and 15^ ins. long. Cut the short piece in halves, and plane 
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OIK! end of eacli piece true. Set the marking gauge to f in., 
and gauge across tfie end of each standard, to give the depth of 
tlio mortices between the pins on the standards, and without 
altering the gauge, mark lines at both ends of the base, on both 
faces of the wood, to mark the depth of the mortices to take the 
pins of the standards. Another line, | in. in from the edge, 
should be cut or gauged across the face of the standards, to 
indicate the depth from tlio edge of tho mortices between tlie 
l)ins. Thes(‘ latter can now be drawn on the end, as in the case 
of the common dovetailed joint. Cutout the mortices with saw 
and chisel. Apply the pins of the standards to the end of tho 
base, and murk out the shape of the end of the pins, as in 
tig. 28‘3. Saw out the mortices in the base, cutting just inside 
the lines, and remove the waste with a chisel. 

If the joints are found to be correct on fitting them together, 
take the model apart again, and putting the two standards 
together in the vice, and with saw, spokeshave, and file make the 
curves in the sides and on the top. 

The chamfering should now be done, and the convex curve on 
the side and the curve at tho top may be finished with the spoke- • 
shave and file, the straight chamfering on the aides may be shot 
with a plane. Clean off the inside of the base and standards, 
and glue up the joints. Finally, when dry, clean off tho outside 
with trying and smoothing planes. 
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CHAPTER \T 

THE WOllKROOM AND ITS FITTINGS. 

The size of a inaminl tniiiiiDg mmi is depomlcnt nii tlui 
number of boys umlor instruction, and these will be regulated 
by the number of instructors. 

One teacher cannot conveniently take more than twenty boys. 
An instructor, who has an artisan assistant to help him, may 
manage thirty or thirty-five. 

We will assume that one teacher only is to take the clas.s, 
though if a system of larger classes, as centres for contributory 
schools, is adopted, a larger room will bo necessary. 

It is impossible to design a room which would invariably suit 
the conditions under which it may become necessary to conduct 
the instruction in woodwork, but figs. 292, 293 are drawings of 
a room, detached from the main building of a school, of the 
kind recommended where the only consideration is efficiency. 
This will accommodate twenty boys. 

TlJe details of the room may be modified in many ways to 
suit particular circumstances, which may be so varied, that they 
cannot possibly bo provided for here. 

It will be found well, however, to adliere as closely as possible 
to the* ajrangement of the room shown in the plan. If any 
important sacrifices have to be made, let the gallery and desks 




A, Benches ; n, Tool racks and j)igeon-holes for work ; o. Tool cupboard ; d and e, Timber 
nicks; p, Grindstone ; <j, Gallery; ir, Pendant lights; i, Bracket Mglfts ; J, Washing- 
basins : K, Glue-pot tray; l, Stoves. 


Interioi of elevation of south wall. (Scale, ^ in. to the foot.) 
Fig. 293 
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be the first thiiifj;s (lisjienscil with. No reduction of the space 
between tlm beiudics sliould be made. 

Tile design of the exterior would, of course, be modified to suit 
the style of architecture of the school or building to which it 
belongs. It will be noticed, however, that it is well lighted, and 
from the plan it will be seen that the windows are all on one 
side of the building- the north, if possible, this aspect giving 
the best light. Shylights in any case should not give a south 
light, as the Bunshine is objectionable. Wood-block flooring is 
the most suitable. 

The room is 41 ft. long by 18 ft. wide, and a reference to tlii! 
plan (fig. 2t)2) will show the positions of the various fittings. 

Benches .—It will be seen that the benches are each for two 
boys. 

Large heiiches for more than two boys are objectionable, as 
(he teacher is not able to move about so easily among them ; and 
it will he readily understood that in this subject it is espeiually 
imi)ortant for the teacher to have every boy within easy reach. 

Long benches, too, are liable to become in time hollow in the 
middle. 

The details of the bench recommended are more clearly 
shown in fig. ‘21)5. 

Itigidity of construction, it will be seen, is attended to in 
the design of this bench, and this (juality, in a hench, is one 
of the most imporl,ant considerations. 

The construction should be strong, not only when new, but 
even after many years of use, and to ensure this, a weighty bench 
with powerful sujiports is recommended. Some light benches are 
made, which move bodily when wood is being planed on them, and 
moreover soon become strained. This is obviously undesirable. 
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hiippovt to llii’ icps. 'I'lic boariliiiK round tbo outside between 
tlu! slielf iuid tb(> I'loiind is iuleiid(!d to prevent tools or sliuvinpfi 
;4(‘ttiu;4 uiideni(‘iitb tin; beiicb ; i)oys are very apt to lose tbeir 
tools in this \Mi\. 

Till' to]) ol llii' beneb sliould be true and Hat, and may be 
iiiiidi' of v'bow or wbile deal. Tbe |)liink at eaeb edge, wbero the 
beneb becomes uoiii, is I'reqiKlitly iiiade of beeeli tbree Or four 
ilielies wide 

Till'punts of tbe top sbould be grooved and tongued, and in 
ease tbe top sbrinls, it is iiibisablc to lea\e tbe iiiiilillo joint di'y, 
so lba,t I Ins alone, will ojieii. 

Tbe '|ilaning slo])’ sbould be about H in. square, and made 
ol some good bard wood. Trim stops are sonietinies ii.sod, but 
ebildren are apt to damage tlieir tools with tbeni. Tlie stojis 
sbould be about . 7 ’ out of upright, sloiiing towards tbe near end 
of tbe beneb. They sbould lit well and tightly, so that tbey can 
be just di'iven U}) or down as may be required. Xunierous sto[is, 
or slop-boles, are unneeossary, and, indeed, a [lositivo defect. 

Tile vice sbould be provided with a strong square runner, 
wbieb sbould lit tbe ‘ box' made for it, and it sbould slide freely 
but not loosely. Tbe runiiei-box sbould be made of some bard 
wood, as oak or beech. Tbe screw sliould be made of beech, and 
the ebcek of bireh, beech, oak, or yellow deal. 

Tlie most important quality in tbe vice is that it sbould fit 
true and elosi'. When tbe elu'ck is screwed up, and wbe4) tbe 
vice is oiieii, tbo*^^leek should be jiarallel to tbe side of tbe 
beneb. 

This beneb w ill, of eoitrse, be more expensive than many of tbe 
cheap light beiiebes used, but it will be found tbe cbeai^est in 
tbe end, and always jaeferable to work on. 
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Tool Rack.- Tliis ih lettered li in tig. ‘ill:!, and a largi 1 dieteh 
is shown in fig. 296. The i)igeon-li(iles at the top an; toi .-.toiing 
work, and the shelf underneath is for storing the tools. I' lr;. 2117 
is a working drawing of one half of the tool shelf. It emilanis 
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the equipment for five hoys, evoept the hand and tenon 
saws. 

The haek of the tool rack should he uiateli-hoarded, as shown, 
k'ig. 298 shows the rack with the tools in position. 

ToiSl Cupboard.-' Tins is to contain the saws i^d the tools which 
aregeni'ral to the class, sm h as files, ))nnclies. hraces, and hits. 
This enphoard is divided into twopaids, tlie linttoiii being de\oled 
to the general kit of tools, while' the toji is foi' the saves, drawing 
inateriiri, ^’c., and should he provided with one or two draweis 
to hold punches, bits, and files. 'I'lie latter should he wiappeil 
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separately in brown pa|)er, as tiny ai'i' \i i'\ .ipl In iiist it 
exposed. 

Timber Eacks. -Two are reipiiri'd. Thai letleied n m lie. 'i'.i'J 
is for storine tlie boards lioidzontally. 

The boards are laid on wooden or inm bars li\ed in lln wall, 
and a few strips of wood should be put In tween eaeh beai d, to ^ive 
a free circulation of air. There should be several mws ol bars. 



The other rack, u, in lie, 202 is also made by inserting bars ol 
iroii iff the wall, but in this case the small batten timber which 
it is to contain stands upright. One row of Cr s only is neces¬ 
sary, at about 7 feet from the ground. 

Gallery.—This is provided with desks for drawing. This eallery 
^ is very,u|cful when a demonstration is to be given. Simple 
desks only are reiphred. 



338 MANUAL INS'lRUCTION—WOODWORK 

The avtificial lighting ot the shop can l)e obtained from a few 
four-liglit pendant hiii'iiers, and some clliow bracket-lights on the 
walls, as shown in tigs. and 298. 'J'he centre lights should 
be about 7 feet from the ground, and the bracket lights about 
0 ft. () ins. 

Glue-pot Tray. —This is about IS ins. by 9 ins , with a 6 -in. 
guard all round. Tt is made of sheet iron, and should be placed 



in a corner ot the room, and litted with a Bunsen’s burner for 
heating the glue. This fitting is much safer than a lire. 

The heating^ of the room can be best obtained from 4 couple 
of slow-combustion ‘ Tortoise ’ stoves. These, standing out in the 
room, give plenty of heat, and do not consume much fuel. They 
have also tlu! important quality of safety. 

If an open lire is used, a high guard should be placed in front 
to prevent shavings being accidentally ignited. 
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Various other nioviihlc fittings will he re(|iiirc(h Two stioiig 
sawing stools, like that shown in fig. will be wnnti d. 

Each boy should have a l)cneh hook. This a;)|)liauei‘ is not 
exactly a tool, and has been rt'garded more as an aii|)urlenaiuy'. 



Fiu. aou. 

The bench hooks may bo made by the teaola r, or even by llie boys 
themselves. The bench hook should be about 1 ft. long, (i in.s. 
wide, ^ in. thick, and a square piece of similar wood should be 
.screwed on opposite sides at each end, assliownin tig. tiOO, allow- 


faille rlcvtiliun. 
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End elevation. I'l.m. 

I'x.. :;01 

ing a clear space for sawing along one side oT*each stop. The 
bench hook is intended to allow the operator to saw completely 
through a piece of wood without damagiRg his bench. 

Tk^ shooting boards, of which five or si.x should be provided, 
can also Ce made in the class. Eig. dOl is a dimensioned sketch ; 
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till! l('ii;>tli is oiniUcil, ;is it limy lie !iii,\ tliiiiy from 2 ft. 0 ins. to 
:i ft. li ins. Itciiiisists of (1110 stile, with three railsiiiortiseil into 
it, as shown, inid ]trojeelin,!; fai'enoneh to ciii rv another wider 
piece of wood screwed on the top. In the plan a little space is 

Sn'c L'lc\aU-iU. 
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Kiel I’l.m, 

I'lfi. ail'J 


visihle between the two pieces of wood, to allow the shavings to 
fall throngh. 

A key of some hard wood is insi rtcd across one end. ihe 
inner side of this key should he at right angles to the side of the 



board, and the other side somewhat sloping. The use of this 
board is described in the exercises, hut the importance of 
accuracy iu making it may be emphasised here. ’ , 

Fig. tlO‘2 shows a simpler shooting board, of a kind easier to 
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adjust wlien neccsKarv. Tho rails arr scre^Msl (intolwu lioaids 
of different ttiiokness, in tins ease. 

Tlic Panel board, tie. is a. Hat iiieee of board, eiain alK 
made of Weyinoulli pine, 1 in or more thiek, 11 ins. to 2 ll \Mde, 
and 2 ft. G ins. lone. A [ueee of wood is yiaxocd in acioss mu. 
end. This board is used to obtain a, L;ood tiaio surl'.ieo to |ilane 
the wood on when the lop of the beneh is woni, and lo 
temporarily nail down li^ht work oji, sneh as i>aripii ti_\, rn 
order to save the top of the beneh. 
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Kgrii’Mi-.N'r UKQuiiiEi) for a class 

OF TWFiNTY J;0YS. 


'Z{\ 

.l.u-K I'huies' 

, ."U 

SradawK, Handled, of sizes 

1 

'I'l \ HILT I 'l.u :i‘s 

:!() 

I’rotios lor do. 

t 

SlitooLlllli;.' I’huics 

20 

(limlels, of sizes 

1 

,, ,, Iton I’iiccd 

1 Oil'tloiies 


lloll.llf l'l.llll‘S 

2 

Slips 

•ill 

loass iJ.irk 'I'ljiiuii Saws ' 

1 

W in;; Conipa^si-s 


1 'oiK'l Saws 

0 

1 daces. Ainorican pattern 


1 ><iw Saws, 8 ];is. 

2 

Seis Cioitre Jdts as lollows, 

•-i 

Sj);ii(‘ i;)ud<“. foi do. 


•J III., p,. in , m , in., \ in., 

1 

Sow Saw', 12 111-^. 


S’ HI., . 111.. 111., 1 in., 11 in. 

1 

S]>ar(t ]dailo for do. 

f 

Fill do., ot si/i s 

H 

f’lniKO- (dllsols, ^ Hi.' 

2 

Sciew-drner do. 

]2 

„ 1 m.' 

2 

CoimteiWood 

H 

„ .. ; 111.' 

0 

„ Metal 

I'J 

It ,1 111.' 

'Z 

r’lle^. ir.dl'-ionnd, 8 in.s. 

H 

.. t, 111.' 

1 

„ 10 ins. 

12 

,, 111.' 

• ;; 

,, 8 111, Uoimd 

s 

,, 111. 

*- 

,, 8 in. Sipuu'o 

I 

Firmer (ioii^^e.s, j iji. 

.20 

lillle^, Iron, 2 It.' 

4 

^ in. 

20 

\!.illet, Small ' 

1 

1. 1 111. 

i 

Steel Craniji 


111. 


I'lmclics, of sizes 

2> 

Sci don^j: (lollies, in. 

;; 

till Fet'dcis, Small 

;> 

.. ,, 111. 

1 

,, ,, Lar^^o 


HI. 


Linseed Oil, 111 pint tin 

20 

Setow alrivers ‘ 


Sweet Oil do. 

20 

Try sijuaros, in.' 

1 

Giindstone with Iron Trougli 

r> 

.. „ 103 ill. 

1 

(iiinding Support 


Sovels, U)‘ in. 

20 

<.'.ir])eiitei’s Tool LaskotS S11t3.ll' 

20 

MaidSii;^ (Jaii;^a‘s'^ 

r 

I’.eneh Holdfasts 


jMorlicu 

1 (jluc-pot 


Sj)okes}ia\es, of sizes 

0 

,, Brushes 

20 

(’arpontor’s llauimers, No. 2 ' 1 

;i 

Coik Kubbers 

■1 

J'nicers | 

2 

Biitf Lcatlicr Straps* 
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